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This thesis outlines the application of Computational Fluid Dynamics to the 
characterization of the gas distribution process inherent in automotive gas generators.  
The gas distribution process is important to understand as it greatly influences the overall 
performance of the device and its competitiveness in the marketplace. 
Presently, there is limited analysis that has been conducted on the gas generators.  The 
current method involves conducting experiments using prototype hardware and high 
speed video to capture the flow field.  This approach has proven to be useful; however, it 
lacks the ability to thoroughly study the fluid dynamics.  Furthermore, the analysis has to 
be conducted on actual hardware and lacks the freedom inherent to computer CAD 
models and CFD where changes can be implemented and studied at a lower cost and in 
less time. 
The thesis details the general background on gas generators, the existing analysis 
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As product innovation pushes the limits of efficiency on hybrid gas generators to a new 
realm, the necessity for understanding all aspects of product functionality and design is a 
requirement to survive in this business.  Gas generators are a critical component in 
automotive safety restraints, more commonly known as airbags.  These pyrotechnic 
devices supply the gas needed to inflate the airbag which in turn protects the occupant of 
a passenger vehicle.  The application of computational fluid dynamics (CFD) to study gas 
generators is not a well documented area and thus catalyzes the scope of this project.  The 
goal of this thesis is to study the fluid dynamics of the gas distribution process as the 
generator undergoes deflation after combustion.  Being a genuine engineering problem, 
complete with difficulties and approximations, a careful approach must be taken to insure 
a successful simulation producing meaningful results. 
1.1  Gas Generator Design Requirements 
 
The level of expectation from the commercial market place has pushed the limits of 
traditional design in the area of automotive gas generators.  These devices continue to 
become more compact and store enough energy to generate approximately 3.0 moles of 
gas in a time frame less than 80ms.  From a fluid dynamics stand point, the internal 
operating pressure can range from 5,000 to 13,000psi with a general temperature swing 
between 300°K and 1500°K during operation.  This range of operating conditions is 




Being classified as a hybrid device means that the total gas delivered is comprised of 
stored and generated components.  Argon is initially stored inside the device during 
manufacture and generally accounts for 50% of the total gas yield.  The remainder of the 
gas is generated from the internal combustion of solid pyrotechnic material.  The result is 
a two species fluid in the gas generator which is changing composition during its 
operation.  All of these aspects assembled together create a genuine fluid dynamics 
problem with demanding levels of complexities that need to be defined and handled 
appropriately to accurately model the gas distribution process. 
1.2 Existing Analysis Methods 
 
The existing analysis methods in the design of gas generators combines measured data, 
high speed video acquisition, and proprietary thermodynamic analysis software.  All of 
these tools and data gathering techniques are extremely valuable in the development and 
design of the gas generation process.  Measuring the internal pressure during operation 
provides valuable information about how the overall performance of the design. 
Using high speed data acquisition coupled with the appropriate selection of pressure 
transducers, transient readings are captured.  The gas generator is mounted to a pressure 
tank that captures the gas venting from the inflator.  Pressure measurements are recorded 
in the internal chambers in addition to the tank.  Performing post processing of the 
transient pressure data provides feedback on the combustion process and gas delivery rate 
to the storage tank.  In an effort to understand how the various internal components 




More often than not, the multiple samples are impractical because of the bulky hardware 
required to perform the measurement.  The high pressure valve and transducer take up 
considerable amount of real estate as shown in Figure 1-1.  Some internal regions cannot 
be measured as a complete unit, so subscale hardware would have to be used to perform 
the measurements.  Running tests at a subscale level causes some concern because it is 
difficult to replicate the exact operating conditions when the complete system is 
decoupled.  Pressure readings are valuable in tuning a pyrotechnic device for operation 
but do not aid in the design of the gas distribution process which is a critical aspect to the 











High speed video is mainly used to study how the gas vents out of the unit during its 
operation.  The camera equipment samples at 3000 fps which is sufficient to provide 
transient visualization images of the gas distribution process.  The video footage is the 
only design tool currently available to study the flow field from the gas generator.  In 
addition, it is only applicable to the external region of the device.  This greatly limits the 
application of the design tool and requires special hardware, prototype parts, and a 
healthy budget of time to generate meaningful results.  A sample snapshot of the flow 
exiting the gas generator diffuser is shown in Figure 1-2.  The gas distribution can be 
seen in the dark shadows against the background.  In this cause, a picture is worth a 
thousand words, but provides little detailed data that can be utilized to enhance the 
design. 
 





The ARC proprietary thermodynamics computational model is the workhorse analytical 
tool used for gas generator analysis.  It is an unsteady, multiple control volume uni-
dimensional model capable of simulating the entire operation of gas generation.  The 
code takes into consideration real gas properties, heat losses, and combustion of the 
pyrotechnic material.  Flow connections are created between each control volume in the 
model which tracks all thermodynamic properties throughout the transient simulation.  
The gas transport from one control volume to the next can be studied in bulk which aids 
in the sizing of the internal flow restrictions.  The thermodynamic model is extremely 
valuable; however, it only provides information to make informed decisions on the 
overall ballistic operation of a gas generator. 
The major drawback to the existing infrastructure of analytical tools is that they do not 
consider the detailed distribution of flow fields generated by inflator operation.  The bulk 
methods do not take into account the intricacies of the geometry which will influence the 
flow field distribution.  Through the implementation of CFD, the ability to detail this 
fluid dynamics phenomenon could greatly enhance understanding of the gas distribution 









2 Problem Statement 
 
The scope of the thesis project is to analyze the gas distribution process on a latest hybrid 
gas generator design.  The design is a center venting device which relies on a cylindrical 
part with vent holes to radially distribute the generated gases.  This region was chosen for 
the analysis due to its complexity and importance in the distribution process.  On the 
surface, hybrid gas generators seem like simple devices but are complex when it comes to 
the fluid dynamics and thermodynamics of its operation. 
During its deployment, the pressure can reach as high as 13,000psi and the temperature as 
high as 1500°K which is illustrated in Figure 2-1.  The profiles show the rapid pressure 
changes inside the gas generator with a temperature profile lagging in time.  These 












































2.1 Real Geometry Description 
 
The component which distributes the gas around the device is called the diffuser and the 
internal flow path located below it is detailed in Figure 2-2.  The gas enters the region 
through a controlling orifice shown on top and travels out the holes located around the 
peripheral of the diffuser.  The sides are closed off such that all gas must flow through the 
diffuser and vent to the airbag as illustrated in Figure 2-3.  The 40 vent holes are 3.2mm 
in diameter distributed uniformly around the device. 
To keep the CFD model at a manageable size, the geometry was simplified by removing 
some of the complex surfaces that would be difficult to handle with structured gridding.  
The geometry is detailed in Figure 2-4 and shows the main simplification in geometry on 
the surface that the controlling orifice rests.  The simplification is made on the 
assumption that the specific region will not have a dramatic influence on the flow field. 
In order to accurately close off the model, an outflow plenum was constructed around the 
device.  This addition to the model insures that the prescribed outflow boundary 
conditions do not interfere with the flow field and provide ample room to observe the 


































2.2 Fluid Properties 
 
The composition of the fluid changes inside the gas generator as the device undergoes 
combustion.  Prior to operation, argon is pre-filled in the device to storage pressure, 
typically 5000psi.  Once energized, the pyrotechnic gas flows into the argon chamber as a 
byproduct of the solid propellant combustion process.  In order to understand how the 
two fluids behaved during the transient operation, a CFD model was constructed and 
analyzed by the University of Tennessee Computational Fluid Dynamics Laboratory [1].  
This project summarily showed that there is little mixing of the pyrotechnic gas into the 
initial stored argon.  As the pyrotechnic gas is added to the system, it displaces the stored 
argon rather like a piston effect. 
This analysis is important as it simplifies the problem statement to a single gas species 
when focusing on the time when the device is operating at its peak state.  This peak 
condition will be defined using data from the ballistic inflator model.  This condition 
occurs at ~25ms where the device is 50% through the combustion cycle.  At this time 
step, the internal pressure is ~10,000psi with a corresponding temperature of 1500°K and 
it is assumed that all the stored gas has exhausted out of the system and only the 
pyrotechnic gas is remaining [1]. 
With the one fluid species approximation established, thermodynamic and transport 
properties for the pyrotechnic gas need to be created.  Since large temperature and 
pressure variations are inherent in the device, the characterization of properties needs to 




Since the combustion byproducts of the pyrotechnic gas are not a readily documented 
working fluid, the thermodynamic and transport properties must be created.  The 
properties were established based on the assembly of each constituent present by its 
relative mass fraction.  Since the conservation of mass must be upheld, the combination 
based on mass factions would be the appropriate method [2].  The specific heat ratio, 
dynamic viscosity, and Prandtl number are needed to completely describe the fluid. 
The composition breakdown was created using thermo-chemical analysis software which 
determines the most likely reactions given the various elements present, temperature, and 
pressure of the environment.  The resulting mass fraction for the pyrotechnic gas is 
summarized in Table 2-1.  The three major constituents are well documented fluids so 
fetching the needed data should seem routine. 
Using the temperature and pressure inside the gas generator at the steady state condition, 
each property was carefully studied for its dependence on temperature and pressure. 
2.2.1 Specific Heat Ratio Determination 
 
Specific heat ratio describes the fluids constant pressure to constant volume heat 
capacity.  The data was compiled for Water Vapor, Nitrogen, and Carbon Dioxide as a 
function of temperature and pressure [3; 4; 5]. 
 





The specific heat ratio for Nitrogen is fairly constant given the large pressure ranges 
considered as shown in Figure 2-6.  Only at temperatures lower than 500°K does the ratio 
become dependent on pressure.  This behavior is to be expected as it has the lowest 
critical point at 126°K.   
Carbon Dioxide is highly sensitive to pressure changes at temperatures lower than 700°K 
as shown in Figure 2-7.  Even though the specific heat ratio converges to a constant value 
at higher temperatures, it is still dependent on pressure since the critical point is 304°K. 
For water vapor, the data for specific heat was limited to only 1200°K; however, it shows 
a dramatic separation at temperatures around 1100°K as shown in Figure 2-8.  This 
constituent could pose a concern for the assembled pyrotechnic fluid property if the 
temperatures fall too low.  As with the other fluids, the dependence begins at a higher 
temperature as a result of the 647°K triple point for water vapor.  Unfortunately, the data 
was not available up to 1500°K for water vapor.  To handle the gap in data the values are 
assumed to asymptote to the average value at 1200°K for temperatures up to 1500°K.  
This approximation should be valid given the fact that the other fluids have less 
dependence on pressure the higher the temperature is relative to the triple point 
temperature. 
To establish the specific heat ratio for the pyrotechnic gas, each constituent was averaged 
over the range of pressures at 1500°K and assembled by their mass fractions.  The 
relative contributions are shown in Table 2-2 with a resulting specific heat ratio of 1.26 





































Figure 2-6: Nitrogen Specific Heat Properties 
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2.2.2 Prandtl Number Determination 
 
Prandtl number is the ratio of the kinematic viscosity to the thermal diffusivity which 
relates the thickness of the thermal boundary layer to the velocity boundary layer.  The 
data was compiled for Water Vapor, Nitrogen, and Carbon Dioxide as a function of 
temperature and pressure. 
Nitrogen is shown in Figure 2-9 and is essentially immune to pressure influences for the 
prescribed temperature range. 
Carbon Dioxide is not as stable as Nitrogen with a clear dependence at pressures as low 
as 5MPa when the temperature falls below 700°K as shown in Figure 2-10.  Again, with 
a higher triple point, the data becomes dependent on pressure at a lower temperature. 
The limited data available for water vapor is shown in Figure 2-11.  The graph illustrates 
a localized separation at temperatures near 700°K and pressures exceeding 10MPa.  The 
inflection in the curve is being influenced by the 647°K triple point.  Since the data was 
not available for temperatures greater than 1100°K, the same trick will be applied by 
assuming the data remains constant for temperatures up to 1500°K. 
The Prandtl number for the pyrotechnic material will be established in the same fashion 
by averaging the Prandtl number over the pressure range at a temperature of 1500°K.  
































































































2.2.3 Viscosity Determination 
 
Dynamic viscosity is the measure of the fluids resistance to flow and is key component 
describing how a fluid will flow.  The data was compiled for Water Vapor, Nitrogen, and 
Carbon Dioxide as a function of temperature and pressure. 
Nitrogen was determined to have the least pressure dependence on viscosity for the given 
pressure range as shown in Figure 2-12.  The data for Carbon Dioxide changes 
vigorously with pressure when the temperature falls below 500°K; however, remains 
insensitive at higher temperatures as shown in Figure 2-13.  From the data available for 
water vapor, viscosity is minimally affected by changes in pressure for the given 
temperature range as shown in Figure 2-14.  The values were not available for 
temperatures exceeding 1100°K; however, an approximation will be made by projecting 
the viscosity to 1500°K using Sutherland’s law. 
The viscosity profile for the pyrotechnic material was formed by the assembly of each 
constituent weighted by its mass fraction.  The viscosity data was first averaged across 
the pressure range at a fixed temperature.  Then the pyrotechnic viscosity curve was 
created from the dataset created for each constituent. 
The viscosity for the pyrotechnic fluid was computed and shown comparatively in Figure 
2-15.  Of the three fluids present, the water vapor has the lowest viscosity thus having the 





























































































































































3 Simulation Design 
 
After reviewing the problem statement is it apparent that the fluid properties are not 
smooth, the geometry is complex, and the operating conditions are demanding.  Careful 
consideration was given to choose the appropriate CFD solver that can accurately handle 
the compressible flow regimes inherent in the gas transport process.  The WIND 5.0 
solver offered by the NPARC Alliance was built to handle such a problem statement.  
The final code selection was based upon analysis conducted by the University of 
Tennessee Computational Fluid Dynamics Lab [1]. 
3.1 WIND 5.0 Solver 
 
WIND is a product of the NPARC Alliance, a consortium of CFD aerodynamics 
expertise centered at U.S. Airforce Arnold Engineering Development Center and NASA 
Lewis Research Center.  The Alliance maintains and plans for the continued development 
of the CFD code.  WIND is a standalone solver that requires all grid generation, 
boundary condition specification, and post processing to be handled through other 
software tools.  The code allows for various numerical solution schemes to be 
implemented which makes it an excellent solver for high speed, compressible flows that 
will be present in the gas transport process. 
WIND 5.0 is the last revision of the code that still runs on a structured grid.  A newer 
version of the code, WIND-US 1.0, has been established to run on an unstructured grid.  
While unstructured meshing would seem a better choice for the computational domain, 




the time the thesis project was started.  Hence, many of the post processing features 
available in the structured solver were not fully implemented in the unstructured solver. 
WIND 5.0 is built on a finite volume formulation with a proven and robust CFD theory 
for high speed flows.  It has the flexibility to solve the Reynolds Averaged Navier-Stokes 
equations or the Euler equations which in turn can be run as a steady state or time 
accurate solution.  For the time accurate solution process, the Newton scheme is 
implemented to control stability in the unsmooth data present in the startup of the CFD 
model [6; 7].  This same solution technique can also be used to drive a steady state 
solution to convergence quicker when the simulation is having difficulty remaining 
stable.  The gas transport models will implement the Newton numerical scheme and will 
consider solutions in both the Euler and Reynolds Average Navier-Stokes formulations. 
The WIND code is also fully scalable through parallel implementation which is 
efficiently implemented via Parallel Virtual Machine (PVM).  PVM, a Beowulf chassis, 
allows for multiple computers coupled by Ethernet to work together in a distributed 
computing environment [8].  Running the solutions in parallel allows for a scalable 
increase in computational performance which greatly reduces simulation time, cost, and 
overall requirements on the computer hardware required to handle a large mesh.  This is 
extremely valuable as real design problems require a large computational mesh which 
results in lengthy simulation times.  The power behind the parallel solver capability as it 
helps CFD become a cost effective design tool as the high cost supercomputing platforms 
are no longer required.  This is allowing for CFD to take root in smaller organizations 




transport model, the solutions were processed on the University of Tennessee CFDLab 
Linux cluster.  The resources are comprised of eight Dell Dimension workstations linked 
together via gigabit Ethernet.  The result is a powerful computing platform that is capable 
of resolving high fidelity meshes in a timely manner for a fraction of the cost of a 
supercomputer. 
A wide variety of physics closure models are available in the WIND package.  For the 
study of the gas transport process, simulations assuming laminar flow and the Spalart-
Almarus turbulence model are studied.  Since limited data is available for the flow field 
inside the diffuser, the two closure models will compare the influence to the gas transport 
process. 
3.2 ICEM CFD Meshing 
 
WIND 5.0 requires a structured hexahedron mesh for its computational backbone.  Since 
the stand alone solver does not come with a meshing package, one that could handle the 
problem had to be obtained for the project.  Given the details of the simulation geometry, 
ANSYS ICEM CFD [9] was the only meshing package that could handle the task for 
many reasons. 
Most importantly, ICEM is a top down meshing package which greatly reduces the setup 
time in building a structured mesh.  A top down approach fits a mesh block around the 
entire geometry of interest.  The blocks are then continuously subdivided, moved, and 
projected to the geometry thus integrating the mesh to the object.  This method is far 




can easily adapt to non-uniform and non-conformal meshing throughout the various 
computational domains.  These features are very important in building a highly efficient 
mesh that has higher node counts in the region where the flow is dynamic and sparse 
node counts where things are docile. 
The boundary conditions can be quickly manipulated as they are applied to the surfaces 
in the geometry onto which the mesh is projected.  ICEM CFD applies all boundary 
conditions to the corresponding domains during decomposition of the mesh to the solver 
format which allows for quick adjustments to the simulation. 
ICEM also has built-in mesh quality checking features which is important feedback as to 
how well your solution will run in the solver.  By calculating the determinant of each 
computational cell, it can quickly determine those mesh hexahedra that possess faces far 
from orthogonal.  An element with all sides orthogonal is the optimal cell.  As the 
geometry becomes more complicated, the elements will deform to match the surfaces, 
hence the mesh drops in quality.  The higher the quality, the more robust the problem 
specification is and will result in a faster convergence rate on fewer CPU cycles.  In 
ICEM, the regions with poor mesh quality are addressed as the mesh is being created 
which dramatically reduces the required pre-processing time.  All these features available 
in ICEM CFD make it the clear and optimal choice for meshing the gas generator.  As 







3.3 Simulation Approach 
 
In order to tackle the analysis of the gas transport process, the problem was divided into 
two phases, based on the physics of the device.  Since the available data is limited to only 
the internal portion of the gas generator, the flow field created as the gas is transported 
from the internal region through the controlling orifice must first be determined.  Using 
the data from the model, the flow properties at the exit of the orifice will be used as 
boundary and initial conditions for the gas diffusion process phase of the model. 
The decoupling of the solution is allowed since the flow is choked in the orifice region.  
This isolates any communication between the upstream and downstream flow fields.  
Therefore, the solution for the first phase will accurately represent the inlet conditions for 
the second phase.  By taking this approach it would allow each model to be run 
independently thus reducing the overall size and complexity of the model. 
4 Simulation Construction 
 
For the first phase of the simulation, a large reservoir with an exhaust port identical to the 
component in the diffuser model was constructed.  The domain is initialized to the 
operating conditions established from the thermodynamic model.  A transient model is 
used to simulate the flow through the orifice.  Once the flow is stabilized, the execution is 
stopped and the required parameters recorded for the next phase.  This approach is used 
to avoid the complications in assigning inlet conditions in the reservoir since choked flow 




4.1 Phase I Model Construction 
 
The fully constructed reservoir for the Phase I analysis is illustrated in Figure 4-1.  Again, 
a large outflow plenum is created to close the computational domain with required 
boundary conditions that will not influence the flow at the orifice.  The dimensions for 
the exhaust port are 8mm in length with a diameter of 8mm which mimics the overall 
dimensions of the controlling orifice assembly and is illustrated in Figure 4-2. 
The mesh was assembled using ICEM with the core of the mesh in the cells surrounding 
the orifice.  A cross-section of the meshed domain is shown in Figure 4-3.  Careful 
examination of the meshing shows non-uniform mesh spacing inside the throat to 
accurately capture the boundary layer.  In the upstream and downstream regions, the 
mesh density was focused along the centerline then expanded to the far field region.  The 
result is a high quality mesh that has ~0.6 million elements in the domain. 
 













4.2  Model Setup 
 
From the data obtained from the thermodynamic model, the reservoir was initialized to 
10,000psi at 1500°K to replicate the steady state operating condition inside the inflator.  
Since the flow is choked in the orifice, a lower pressure of 3000psi can be utilized to 
reduce the demand on the solver which will improve stability and result in faster 
simulation times. 
Compressible flow theory says that flow through a sharp edge nozzle will be fixed once 
chocked flow conditions are present.  This occurs for the pyrotechnic gas (k=1.26) when 
the pressure ratio exceeds 1.81 as defined by the equation [10]: 






Therefore a lower upstream pressure can be utilized without affecting the resulting fluid 
dynamics. 
During the initial setup and debugging of the solution, the sharp inlet region was causing 
a negative pressure error inside the orifice just around the edge where the flow must turn.  
To address the issue, the ambient pressure was elevated to 1000psi keeping the overall 
pressure ratio well within the choked flow requirements.  This adjustment gives the 
solver more room to work while trying to initialize the flow field without having to 
dramatically reduce the time stepping.  This modification could effect on the simulation 
results; however, it was necessary to stabilize the solution. 
The solutions were processed using a Newton Scheme with 10 sub-iterations per time 




routine.  In order to keep the solutions stable, the simulations were required to run at 
2.5E-7 sec time stepping.  The solver was terminated once the flow field stabilized which 
required 2000 time steps to achieve.  The viscosity and thermodynamic properties of the 
fluid were specified using the values determined for the pyrotechnic gas. 
4.3 Simulation Results 
 
The model was run as both an Euler and a laminar flow case.  The flow was compared 
between the simulations for differences in the orifice and average flow properties. 
4.3.1 Euler Simulation 
 
Initially, an Euler simulation was conducted with all the surfaces configured as in-viscid.  
The Mach number contours are outlined in Figure 4-4.  Upon careful examination, the 
flow has a conical sonic profile that is present at the lead-in region of the orifice.  As the 
flow progresses through the thickness of the orifice, it transitions to super-sonic flow with 
a maximum mach number of 1.5.  The venturi effect from the flow turning around the 
sharp orifice creates a boundary layer that replicates the shape of a de Laval nozzle.  The 
flow is choked at a location just inside the inlet of the orifice which then transitions to 
super-sonic within the body of the orifice. 
The pressure profile is illustrated in Figure 4-5.  Notice how the strong pressure gradients 
are located at the leading edge of the orifice and has equilibrated to the surrounding 




pressure region that had the greatest impact on numerical stability while trying to 
progress the transient simulation. 
The temperature profile is also needed to finalize the boundary conditions for the gas 
diffuser phase of the model and is illustrated in Figure 4-6.  The temperature drops from 





















4.3.2  Laminar Simulation 
 
The simulation was repeated using the laminar closure and the boundary surfaces 
configured as no-slip.  The computed results were very similar to the Euler simulation.  
The Mach contours are shown in Figure 4-9 which is essentially an identical viewgraph 
to the Euler simulation with a maximum mach number of 1.5.  The same conclusions 
were reached for the pressure and temperature contours shown in Figure 4-10 and Figure 
4-11, respectively. 
The conclusion from the laminar model is that the viscous effects in the orifice where the 
flow is choked have little influence on the overall flow field. 
 
 





Figure 4-8:  Laminar Solution - Pressure contour at centerline 
 
 




4.3.3 Comparison of Results 
 
Overall, the difference between the simulations was minimal and a comparison of the 
data at the exit of the orifice is shown in Table 4-1.  The average properties were 
calculated by integrating the parameter over the area of interest. 
One note is that the pressure at the exit is only 37-40psi over the surrounding pressure of 
1000psi.  Other than that, the outflow is identical for both cases as identified earlier. 
For additional insight, the data was collected down the entire centerline of the orifice and 
graphed as a function of distance from the leading edge.  The Mach number profile 
reveals the flow goes sonic at a location of 2mm past the inlet place as shown in Figure 4-
12.  Again, there was not a significant difference between the Euler and Laminar solution 
throughout the orifice.  Adding the temperature and pressure profiles resolved the same 
conclusion as shown in Figure 4-13 which is expected since the Mach profiles were 
identical. 
The first phase of the modeling was successful in establishing the necessary data needed 
to specify the initial and boundary conditions for the second phase of the modeling. 
 
 
Table 4-1:  Comparison of fluid properties at exit of orifice 
Variable Euler Simulation Laminar Simulation
Temperature 1248°K 1248°K
Mach # 1.35 1.35
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5 Phase II Simulation of Gas Distribution 
 
The focus for the final phase of the project is to study the internal flow field of the gas 
distribution process.  A computational domain was created for the diffuser geometry with 
a careful consideration for mesh density in locations where the flow field will be very 
dynamic.  From there, the simulations will be carried out for both a laminar and a Spalart-
Allmaras turbulence closure model using the data established in the previous chapter.  In 
addition, a mesh refinement study will also be performed to assess the impact of a higher 
fidelity mesh on both the overall solution and required simulation time. 
5.1 Computational Domain 
 
For the diffuser problem, it was important to place the mesh exactly where it was needed 
to insure the complete model did not get unmanageable in size and yield excessive 
solution times.  In order to accomplish this effectively, it is necessary to have a general 
idea on what the potential flow field will look like.  In the case of the gas diffusion 
process, it is expected that a majority of the complex flow will be localized around the 
orifice and along the inner surface of the diffuser. 
The highest density mesh is located around the orifice and remains constant around the 
inner flow channels as shown in Figure 5-1.  The side surfaces were removed from the 
image for clarity.  A non-uniform refinement was utilized to put the mesh against the 
interior surfaces to accurately resolve the boundary layer while remaining efficient in the 
main flow field.  The mesh is transitioned across the internal pinch zones which are 




exhaust holes, the mesh spacing is tighter on the inner layer and increases slightly as it 
progresses towards the outflow region.  
The inflow boundary condition is specified on the upper surface of the boss that protrudes 
from the center of the pressure vessel.  The boss represents the internal component of the 
gas generator that is used to control the pressure at which the gas is released.  The 
spacing and geometry mimics the small gap between the diffuser surface and the top of 
the component. 
As for the outflow plenum, the mesh was focused at the center of the diffuser then spaced 
appropriately in the far-field. 
The overall computational domain for the gas generator has ~2.1Million elements that are 
divided into 94 zones with a minimum quality of 0.3 for the hexahedron.  This is an 
extremely high quality structured grid given the circular geometry with multiple vent 
holes.   ICEM handles all of the mesh decomposition into the various zones based on how 
the domain was sectioned during construction.  For the diffuser, a well balanced 







Figure 5-1: Gas Diffuser Mesh around inlet region 
 
 




5.2 Model Configuration 
 
The goal is to generate a steady state solution for the flow throughout the diffuser given 
the specified boundary and initial conditions.  Since we expect to see large pressure and 
flow gradients surrounding the orifice as the flow interacts with the diffuser; the same 
time accurate approach and settings will be utilized.  This allows the simulations to be 
run with the Newton iterative scheme to aid in controlling the stability of the solution.  
The model will be run for 2000 time steps and monitored until the flow field is quasi-
stabile.  It is possible that the flow will never reach a true steady flow structure inside the 
diffuser. 
The initial conditions for the gas inside the diffuser will be prescribed according to Table 
5-1.  A slightly lower temperature was picked to aid in the visualization of the flow 
propagation for determining when the solution had stabilized.  The same ambient 
pressure elevation trick will be utilized in the gas diffuser model to avoid numerical 
issues during the simulation process.  The initial and boundary conditions for the inflow 
surface will be enforced as described in Table 5-2.  The parameters will be enforced 
uniformly across the inflow surface.   
 
 













Pressure 1040psi  
 
The outflow plenum was constructed much larger than the diffuser which insures that it 
does not influence the flow field at the exhaust vents or inside the diffuser. 
The boundary conditions were configured for a viscous solution.  All of the surfaces that 
encompass the inner region of the diffuser and the exhaust holes were configured as no-
slip.  The outflow plenum was configured as slip along the side surfaces and outflow 
along the radial surface. 
The pyrotechnic fluid properties were specified as outlined in the previous section. 
5.3 Simulation Results 
 
The graphical post processing was handled by Paraview which is an open source 
visualization package developed for the computational sciences.  The program has many 
visualization capabilities which make it an excellent tool for studying the flow fields [11]. 
5.3.1  Laminar Solution 
 
The laminar Mach number contour along the centerline of the diffuser is outlined in 
Figure 5-3.  Examining the image shows the highest Mach number region is near the face 
of the orifice.  The gas creates a stagnation zone located directly in line with the orifice 




resulting bubble creates a pinch region around the orifice thus accelerating the flow.  The 
side channels have little evidence of flow symmetry indicating an unsteady flow regime 
as the gas travels towards the rear portion of the diffuser.  
Rotating the view to a perspective angle in Figure 5-4, the unsteady nature of the flow 
field in the zone between the orifice and the sides can be seen.  The dome that has formed 
above the orifice is indeed a uniform profile which is to be expected since the curvature 
of the diffuser is symmetric around the source of incoming gas.  The highest Mach 
number of 1.57 is located downstream of the bubble just below the exhaust vent that is 
located in line with the inlet.  Another observation in the flow is that the gas appears to 
skip over the first row of exhaust holes.  This could be a result of insufficient mesh 
density in that region to accurately capture the fluid flow phenomena.  A mesh 
refinement study in this region will be conducted to understand this question. 
Examining the solution in Figure 5-5 with the cut plane across the centerline of the 
exhaust ports illustrates that as the flow travels the perimeter of the diffuser, it vents more 
readily through the exhaust ports.  As the fluid travels away from the source, its energy is 
decreasing.  As the momentum decreases it is more able to turn into the exhaust vent and 
exit the diffuser.  Once the fluid has traveled to the back region of the diffuser, it vents 




















Figure 5-5:  Laminar Solution Mach number perspective across orifice region and along centerline of 
exhaust holes in the diffuser 
 
 
Since a large range of gas velocities was present in the flow field around the orifice, the 
pressure profile was of particular interest.  Where the flow becomes stagnant directly 
above the orifice, the pressure rises ~3.7 times the ambient pressure as seen in Figure 5-6.  










To further increase the understanding of how the gas flows around the diffuser, the data 
was calculated at various cut planes.  The planes were positioned at the orifice and along 
the four pinch points within the internal flow region as illustrated in Figure 5-7.  The 
values were obtained by integrating the data over the area of the cut plane.  The results of 
the calculation are summarized in Table 5-3.  The comparison of top 1 to top 2 shows the 
flow is balanced between the two upper channels.  The two bottom locations show a large 
discrepancy between each side.  This result is rather alarming since they should be 




region.  The values were calculated from the final data file and are specific to the average 
values at that time step.  A comparison of the values during the simulation will be 
reviewed next. 























Since a time accurate simulation approach was used, history data was collected at the 
center of each pinch region and tracked.  The Mach number history for each region is 
shown in Figure 5-8.  The first observation is how dynamic the results are at the various 
locations which illustrate a rapidly changing environment.  The values at the top region 
are significantly more dynamic than the bottom region.  The bottom region starts off at a 
higher Mach number then settles down to a stable value that is lower than the top area.  In 
























Figure 5-8: Mach number history at the center point of each pinch region 
 
 
5.3.2 Refined Mesh Laminar Solution 
 
A mesh refinement study was conducted on the laminar solution to assess the impact of a 
denser mesh on the overall results.  The mesh was mainly refined in the region 
surrounding the orifice and along the individual exhaust holes in the diffuser.  This 
location was identified as a possible trouble spot in the previous laminar solution.  The 
goal was to insure that the baseline mesh is capturing the true flow interaction between 
the internal channel and the exhaust holes.  The final mesh is shown in both Figure 5-9 
and Figure 5-10.  It has a total size of ~3.2 million elements which is a 52% increase 














The laminar simulation was recomputed on the refined mesh using the identical setup as 
the previous case.  Comparing the results, the overall maximum Mach number had 
decreased from 1.57 to 1.53 on the refined mesh as shown in Figure 5-11.  A side view 
focusing on only the orifice and first row of holes is shown in Figure 5-12.  Even with the 
refined mesh, the flow still has a tendency to skip over the exhaust vents similar to the 
previous solution.  In this refinement study, the overall flow characteristics are 















Figure 5-12:  Mesh refinement study - Mach number contours for cut along width of the diffuser 
 
 
Recalculation of the average properties at the four pinch points shows similar results to 
the previous solution as outlined in Table 5-4.  The values have changed slightly but are 
again most likely a result of the dynamic solution at a different time step. 
 






An additional comparison was computed at the exhaust ports around the orifice to 
quantify the impact of the refined mesh on the flow exiting the diffuser.  Figure 5-13 
illustrates the diffuser vent locations where the average properties are going to be 
compared.  The data is integrated over the area at the mid-plane inside each exhaust port 
and averaged between the forward and aft row of holes.   
Studying the results summarized in Table 5-5, the refined mesh showed a lower gas 
velocity around the center region and increased velocity on both the upper and lower row 
of holes.  The higher mesh count impacted how the gas is dispersed away from the orifice 
resulting in a more uniform distribution. 
For the refinement study, a moderate change in results was noticed and it would be 
recommended to further investigate the solution with a higher fidelity mesh.  Since the 
simulation times were already approaching 200 hours to complete, the further refinement 
will be left as a recommendation. 
5.3.3 Turbulent Solution 
 
The solution results for the Spalart-Allmaras closure model were comparable to the 
laminar solution with a few differences to discuss.  The flow profile surrounding the 
orifice region has a well defined recirculation region as shown in Figure 5-14.  Again the 
same behavior of the flow skipping over the exhaust vent near the inlet is apparent in the 
flow field.  The overall peak Mach number decreased to 1.44 which is a 6% reduction 






Figure 5-13:  Hole location for average property analysis 
 
 












Figure 5-14:  Turbulent Solution, Mach number profile through centerline of orifice 
 
 
Threshold plots were created for three distinct ranges to get a detailed breakdown as to 
where the velocity range is located.  The first group captures the low speed flow with 
Mach numbers ranging between 0.05 and 0.2 as shown in Figure 5-15.  In this area, a 
majority of the flow is in the outflow plenum where the exhaust holes vent and is 
relatively uniform.  This is a good confirmation that the diffuser is performing its job of 
dropping the gas velocity coming from the inlet. 
The midrange group ranged between Mach 0.2 and 0.5 and is shown in Figure 5-16.  This 
velocity range shows gives a better indication as to how the flow transitions inside the 




regions and creates a low velocity region in the center portion of the diffuser.  Base on 
the images, it appears that the wash out zone located in the middle of the diffuser is 
potentially unstable and changing as the solution progresses.  Another interesting 
conclusion is that the gas flow has a higher velocity in the plenum on the side opposite to 
the inlet. 
The high speed group ranged from 0.6 to maximum Mach number and is shown in Figure 
5-17.  The highest velocity gas is located in close proximity to the orifice as expected.  
When the flow transitions over the vent holes, it rapidly drops in speed as it tries to exit 
the inner region.  The 3D appearance of the bubble can also be seen at the impingement 
zone above the orifice.  
 
 







Figure 5-16: Turbulent Solution - Threshold plot Mach number between 0.2 and 0.5 
 
 
The transient Mach number history along the centroid of the top and bottom pinch 
regions is shown in Figure 5-18.  Again, the solution is changing dramatically with time 
as to indicate the unstable flow patterns inside the diffuser; however, was more stable 
than the laminar solution.  Another notable difference from the laminar solution is that 
both sides of the top and bottom locations trended the same as the solution progressed. 
The turbulent solution shows a significant reduction in gas flow from the center and 
outward facing holes as compared to the other solutions.  By running a turbulence closure 
model, the internal flow further distributes the gas around the diffuser in a more uniform 




































5.4 Comparison of Results 
 
High speed video footage was collected for the gas generator looking axially towards the 
device as shown in Figure 5-19.  In this image, the diffuser is oriented such that the 
orifice is located vertically and is taken at the same steady state operation point as the 
simulations were conducted on.  The gas flow can be seen in the image by the shadow 
cast against the lighted background.  The gas flow coming from the exhaust holes nearest 
the orifice shows an inconsistent flow formation which is similar to what was seen in the 
CFD solutions.  For the exhaust ports located on the sides, the plume is uniform and 
comparable to the simulation results. 
Figure 5-20 shows the gas flow from the radial direction with the inlet towards the top of 
the picture.  The view shows that the gas flow on the top of the diffuser is clearly more 
random as compared to the gas flow at the opposite side of the diffuser.  The simulation 
results showed the same behavior which did not have a consistent flow field out of the 





Figure 5-19:  High Speed Video footage 
 
 





Throughout the simulations, the maximum Mach number reached in the diffuser was the 
highest for the Euler (1.57) and lowest for the Spalart-Allmaras (1.47) simulation.  Even 
thought the numerical values were different, the location of peak gas velocity remained at 
the ring formed just above the orifice region. 
The history tracking of the Mach number was significantly different between the laminar 
and turbulent simulations.  The laminar simulation had a high frequency signal riding in 
the data while the Spalart-Allmaras was more consistent throughout the simulation.  This 
could be a result of the laminar solution running at the limit of stability which is 
dampened by the turbulence model.  The higher frequency oscillations could also be 


















C.  The two phase process has been established to model the gas generator distribution 
process which produced meaningful results. 
C.  The first phase of the simulation was successfully run using WIND given the large 
pressure gradients present in the solution. 
C.  The second phase produced an external flow field that was comparable to the high 
speed video footage. 
C.  ICEM CFD was the optimal choice for creating the computational grid for the gas 
distribution process. 
C.  Fieldview provided excellent visualization tools that can easily interface with the 
WIND output files. 
C.  The University of Tennessee CFDLab Beowulf computing cluster provided ample 













R.  Consider evaluating LES or other turbulence model selections for the internal flow in 
the circular diffuser. 
R.  Resolve significantly higher fidelity mesh and compare the results to the presented 
values. 
R.  Consider remodeling the problem with an unstructured mesh on WIND-US and 
compare the flow features as unstructured meshing would dramatically reduce the setup 
time for the model. 
R.  Adapt ICEM CFD meshing package as the University of Tennessee, CFD Lab 
standard meshing software. 
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Laminar Model WIND Script 
PH5 Diffuser Model, Laminar Vis, ICEM MESH 
IC M 1.35 P 1050psi T 2250K 
Run 1 
 
/ Inlet Mach number, pressure (psi), temperature (deg R), alpha, beta 
Freestream static 0.01 1000.0 1000.0 0. 0. 
 
/ gamma pr prt R 
Gas 1.26 0.790 0.790 1716 
 
/ viscosity parameters 
viscosity sutherland 
 
/ Boundary conditions 
Downstream pressure 1000.0 zone 13 
Downstream pressure 1000.0 zone 14 
Downstream pressure 1000.0 zone 15 
Downstream pressure 1000.0 zone 16 
Downstream pressure 1000.0 zone 17 
Downstream pressure 1000.0 zone 18 
Downstream pressure 1000.0 zone 19 




cfl seconds 2.5E-7 
Newton time levels 400 converge level 1E-9 
cycles 10 
iterations per cycle 1 print frequency 1 
converge level 1E-9 
/stages 5 
 
/ setup initial conditions 
/ configure inflow BC for incoming charge air 
arbitrary inflow 
 direction normal 
 zone 92 
 uniform 1.35 1050.0 2250.0 180.0 0.0 
endinflow 
 




 variable M T p 
/ top holes 
 region 91 02 02 09 09 13 13 




 region 93 10 10 09 09 13 13 
 region 59 20 20 07 07 13 13 
 
/ transition sides 
 region 56 22 22 02 02 13 13 
 region 56 22 22 120 120 13 13 
 region 62 22 22 02 02 13 13 
 region 62 22 22 120 120 13 13 
 
/ holes 
 region 40 01 18 01 12 01 01 
 
 region 27 01 12 01 12 01 01 
 region 44 01 12 01 12 01 01 
 
 region 48 01 12 01 12 08 08 
 region 30 01 12 01 12 01 01 
 
 region 32 01 12 01 12 01 01 
 region 50 01 12 01 12 08 08 
 
 region 45 01 12 01 12 08 08 
 region 36 01 12 01 12 08 08 
  




Refined Laminar Model WIND Script 
PH5 Diffuser Model, Laminar Vis, ICEM MESH 
IC M 1.35 P 1050psi T 2250K 
Run 2, Refined Mesh 
 
/ Inlet Mach number, pressure (psi), temperature (deg R), alpha, beta 
Freestream static 0.01 1000.0 1000.0 0. 0. 
 
/ gamma pr prt R 
Gas 1.26 0.790 0.790 1716 
 
/ viscosity parameters 
viscosity sutherland 
 
/ Boundary conditions 
Downstream pressure 1000.0 zone 13 
Downstream pressure 1000.0 zone 14 
Downstream pressure 1000.0 zone 15 
Downstream pressure 1000.0 zone 16 
Downstream pressure 1000.0 zone 17 
Downstream pressure 1000.0 zone 18 
Downstream pressure 1000.0 zone 19 







cfl seconds 2.5E-7 
Newton time levels 800 converge level 1E-9 
cycles 10 
iterations per cycle 1 print frequency 1 
converge level 1E-9 
/stages 5 
 
/ setup initial conditions 
/ configure inflow BC for incoming charge air 
arbitrary inflow 
 direction normal 
 zone 92 
 uniform 1.35 1050.0 2250.0 180.0 0.0 
endinflow 
 




 variable M T p 
/ top holes 
 region 91 02 02 09 09 13 13 
 region 94 20 20 07 07 13 13 
 region 93 10 10 09 09 13 13 
 region 59 20 20 07 07 13 13 
 
/ transition sides 
 region 56 22 22 02 02 13 13 
 region 56 22 22 120 120 13 13 
 region 62 22 22 02 02 13 13 
 region 62 22 22 120 120 13 13 
 
/ holes 
 region 40 01 18 01 12 01 01 
 
 region 27 01 12 01 12 01 01 
 region 44 01 12 01 12 01 01 
 
 region 48 01 12 01 12 08 08 
 region 30 01 12 01 12 01 01 
 
 region 32 01 12 01 12 01 01 
 region 50 01 12 01 12 08 08 
 
 region 45 01 12 01 12 08 08 
 region 36 01 12 01 12 08 08 
  








Spalart Almaras Model WIND Script 
PH5 Diffuser Model, Laminar Vis, ICEM MESH 
IC M 1.35 P 1050psi T 2250K 
Run 1 
 
/ Inlet Mach number, pressure (psi), temperature (deg R), alpha, beta 
Freestream static 0.01 1000.0 1000.0 0. 0. 
 
/ gamma pr prt R 
Gas 1.26 0.790 0.790 1716 
 
/ viscosity parameters 
viscosity sutherland 
 
/ Boundary conditions 
Downstream pressure 1000.0 zone 13 
Downstream pressure 1000.0 zone 14 
Downstream pressure 1000.0 zone 15 
Downstream pressure 1000.0 zone 16 
Downstream pressure 1000.0 zone 17 
Downstream pressure 1000.0 zone 18 
Downstream pressure 1000.0 zone 19 




cfl seconds 2.5E-7 
Newton time levels 500 converge level 1E-9 
cycles 10 
iterations per cycle 1 print frequency 1 
converge level 1E-9 
stages 5 
 
/ setup initial conditions 
/ configure inflow BC for incoming charge air 
arbitrary inflow 
 direction normal 
 zone 92 
 uniform 1.35 1050.0 2250.0 180.0 0.0 
endinflow 
 
/ Viscous terms 
turbulence spalart iterations 5 zone all 
 
history 
 variable M T p 
/ top holes 
 region 91 02 02 09 09 13 13 
 region 94 20 20 07 07 13 13 
 region 93 10 10 09 09 13 13 
 region 59 20 20 07 07 13 13 
 




 region 56 22 22 02 02 13 13 
 region 56 22 22 120 120 13 13 
 region 62 22 22 02 02 13 13 
 region 62 22 22 120 120 13 13 
 
/ holes 
 region 40 01 18 01 12 01 01 
 
 region 27 01 12 01 12 01 01 
 region 44 01 12 01 12 01 01 
 
 region 48 01 12 01 12 08 08 
 region 30 01 12 01 12 01 01 
 
 region 32 01 12 01 12 01 01 
 region 50 01 12 01 12 08 08 
 
 region 45 01 12 01 12 08 08 
 region 36 01 12 01 12 08 08 
  





Laminar Solution Output Data – Top 1 Location 
1PH5 Diffuser Model, Laminar Vis, ICEM MESH 
 IC M 1.35 P 1050psi T 2250K 
  
 Freestream conditions (* indicates calculated) 
  
 Mach number                   0.010 
 Angle of attack               0.000 degrees 
 Yaw angle                     0.000 degrees 
 Gamma                         1.260 
 Gas constant (R)            286.959 m2/s2-K         1716.000 ft2/s2-R 
 Static pressure        0.689476E+07 N/m2         1000.00     lbf/in2 
 Static temperature      555.556     K            1000.00     R 
 Static density*         43.2486     kg/m3       0.839161E-01 slug/ft3 
 Total pressure*        0.689519E+07 N/m2         1000.06     lbf/in2 
 Total temperature*      555.563     K            1000.01     R 
 Total density*          43.2507     kg/m3       0.839203E-01 slug/ft3 
 Speed of sound          448.187     m/s          1470.43     ft/s 
 Velocity                4.48187     m/s          14.7043     ft/s 
 Dynamic pressure        434.370     N/m2        0.630000E-01 lbf/in2 
 Laminar Viscosity      0.289996E-04 kg/m-s      0.605669E-06 slug/ft-s 
 Reynolds Number*       0.668403E+07 1/m         0.203729E+07 1/ft 
 Enthalpy*               772582.     m2/s2       0.831600E+07 ft2/s2 
 Stagnation Enthalpy*    772592.     m2/s2       0.831611E+07 ft2/s2 
1Subset  1 of ZONE  10                         (domain.10),  




    Ax =  0.188875E-01 in2, Ay =  0.196632E-01 in2, Az =  0.831027E-03 
in2 
    Ax+=  0.000000E+00 in2, Ay+=  0.196632E-01 in2, Az+=  0.831027E-03 
in2 
    Ax-=  0.188875E-01 in2, Ay-=  0.000000E+00 in2, Az-=  0.000000E+00 
in2 
  
            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   
 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 
 M        3.9917E-01  3.8514E-01  4.1045E-01  2.9697E-01  0.0000E+00  
1.1795E+00 
 V        2.5715E+02  2.4729E+02  2.6981E+02  2.0385E+02  0.0000E+00  
8.0797E+02 
 rho      2.4481E+01  2.4660E+01  2.3430E+01  2.8468E+00  1.6204E+01  
2.8064E+01 
 T        1.1062E+03  1.0991E+03  1.1633E+03  1.2515E+02  9.2127E+02  
1.3607E+03 
 p        7.7176E+06  7.7289E+06  7.7383E+06  6.0645E+05  6.1979E+06  
9.1432E+06 
 
 Subset  1 of ZONE  66                         (domain.66),  
 I=  1: area is  1.162297E-02 in2,  7.498674E-06 m2 
  
    Ax =  0.869249E-02 in2, Ay =  0.730417E-02 in2, Az =  0.189404E-02 
in2 
    Ax+=  0.000000E+00 in2, Ay+=  0.730417E-02 in2, Az+=  0.873405E-03 
in2 
    Ax-=  0.869249E-02 in2, Ay-=  0.000000E+00 in2, Az-=  0.102063E-02 
in2 
  
            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   
 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 
 M        4.9387E-01  4.7467E-01  5.5788E-01  3.2181E-01  0.0000E+00  
1.2488E+00 
 V        3.1526E+02  3.0174E+02  3.6550E+02  2.2353E+02  0.0000E+00  
8.4919E+02 
 rho      2.3841E+01  2.4062E+01  2.2694E+01  3.0689E+00  1.6784E+01  
2.7852E+01 
 T        1.0745E+03  1.0648E+03  1.1375E+03  1.3964E+02  9.2370E+02  
1.3603E+03 
 p        7.2799E+06  7.2861E+06  7.2987E+06  5.1242E+05  6.3903E+06  
9.5149E+06 
 
 Subset  1 of ZONE  55                         (domain.55),  
 I=  1: area is  8.644979E-02 in2,  5.577394E-05 m2 
  





    Ax+=  0.000000E+00 in2, Ay+=  0.606257E-01 in2, Az+=  0.205141E-04 
in2 
    Ax-=  0.616286E-01 in2, Ay-=  0.000000E+00 in2, Az-=  0.000000E+00 
in2 
  
            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   
 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 
 M        4.4652E-01  4.3499E-01  5.3813E-01  3.9663E-01  0.0000E+00  
1.4237E+00 
 V        2.8770E+02  2.7981E+02  3.5237E+02  2.6927E+02  0.0000E+00  
9.5609E+02 
 rho      2.2187E+01  2.2406E+01  2.1674E+01  2.2607E+00  1.5538E+01  
2.7503E+01 
 T        1.1166E+03  1.1118E+03  1.1542E+03  9.9897E+01  9.1559E+02  
1.3568E+03 
 p        7.0759E+06  7.1141E+06  7.1377E+06  5.9183E+05  5.7911E+06  
8.8363E+06 
 
 Subset  1 of ZONE  28                         (domain.28),  
 I=  1: area is  1.254250E-02 in2,  8.091922E-06 m2 
  
    Ax =  0.931411E-02 in2, Ay =  0.789962E-02 in2, Az =  0.216498E-02 
in2 
    Ax+=  0.000000E+00 in2, Ay+=  0.789962E-02 in2, Az+=  0.999620E-03 
in2 
    Ax-=  0.931411E-02 in2, Ay-=  0.000000E+00 in2, Az-=  0.116536E-02 
in2 
  
            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   
 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 
 M        4.2908E-01  4.0986E-01  4.9917E-01  3.3519E-01  0.0000E+00  
1.2347E+00 
 V        2.7760E+02  2.6426E+02  3.2562E+02  2.2605E+02  0.0000E+00  
8.2681E+02 
 rho      2.2852E+01  2.3048E+01  2.2280E+01  2.9297E+00  1.5407E+01  
3.3126E+01 
 T        1.1034E+03  1.0942E+03  1.1317E+03  1.2145E+02  8.1146E+02  
1.3750E+03 
 p        7.1703E+06  7.1716E+06  7.1419E+06  3.9060E+05  5.9236E+06  
9.2077E+06 
1Subset  1 of ZONE   6                         (domain.6),  
 I=  1: area is  2.632492E-02 in2,  1.698379E-05 m2 
    Ax =  0.179279E-01 in2, Ay =  0.192617E-01 in2, Az =  0.538923E-03 
in2 
    Ax+=  0.000000E+00 in2, Ay+=  0.192617E-01 in2, Az+=  0.000000E+00 
in2 






            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   
 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 
 M        4.8908E-01  4.6644E-01  4.9492E-01  3.2695E-01  0.0000E+00  
1.0879E+00 
 V        3.1271E+02  2.9637E+02  3.2313E+02  2.2432E+02  0.0000E+00  
7.3560E+02 
 rho      2.4431E+01  2.4832E+01  2.3070E+01  3.7411E+00  1.5102E+01  
3.0093E+01 
 T        1.0844E+03  1.0709E+03  1.1485E+03  1.4522E+02  8.6630E+02  
1.3676E+03 




 *********************************** Totals 
*********************************** 
 
 ** Total Wetted area is 1.642311E-01 in2, 1.059553E-04 m2 
 
            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   
 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 
 M        4.4749E-01  4.3254E-01  5.1333E-01  3.6148E-01  0.0000E+00  
1.4237E+00 
 V        2.8781E+02  2.7732E+02  3.3601E+02  2.4618E+02  0.0000E+00  
9.5609E+02 
 rho      2.3096E+01  2.3384E+01  2.2297E+01  2.8480E+00  1.5102E+01  
3.3126E+01 
 T        1.1057E+03  1.0979E+03  1.1496E+03  1.1875E+02  8.1146E+02  
1.3750E+03 




Laminar Solution Output Data – Top 2 Location 
1PH5 Diffuser Model, Laminar Vis, ICEM MESH 
 IC M 1.35 P 1050psi T 2250K 
  
 Freestream conditions (* indicates calculated) 
  
 Mach number                   0.010 
 Angle of attack               0.000 degrees 
 Yaw angle                     0.000 degrees 
 Gamma                         1.260 




 Static pressure        0.689476E+07 N/m2         1000.00     lbf/in2 
 Static temperature      555.556     K            1000.00     R 
 Static density*         43.2486     kg/m3       0.839161E-01 slug/ft3 
 Total pressure*        0.689519E+07 N/m2         1000.06     lbf/in2 
 Total temperature*      555.563     K            1000.01     R 
 Total density*          43.2507     kg/m3       0.839203E-01 slug/ft3 
 Speed of sound          448.187     m/s          1470.43     ft/s 
 Velocity                4.48187     m/s          14.7043     ft/s 
 Dynamic pressure        434.370     N/m2        0.630000E-01 lbf/in2 
 Laminar Viscosity      0.289996E-04 kg/m-s      0.605669E-06 slug/ft-s 
 Reynolds Number*       0.668403E+07 1/m         0.203729E+07 1/ft 
 Enthalpy*               772582.     m2/s2       0.831600E+07 ft2/s2 
 Stagnation Enthalpy*    772592.     m2/s2       0.831611E+07 ft2/s2 
1Subset  1 of ZONE  10                         (domain.10),  
 I=106: area is  2.773002E-02 in2,  1.789030E-05 m2 
    Ax =  0.201680E-01 in2, Ay =  0.190267E-01 in2, Az =  0.304629E-03 
in2 
    Ax+=  0.201680E-01 in2, Ay+=  0.190267E-01 in2, Az+=  0.000000E+00 
in2 
    Ax-=  0.000000E+00 in2, Ay-=  0.000000E+00 in2, Az-=  0.304629E-03 
in2 
  
            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   
 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 
 M        4.0889E-01  4.0333E-01  4.1175E-01  3.0450E-01  0.0000E+00  
1.1418E+00 
 V        2.6810E+02  2.6435E+02  2.7285E+02  2.0536E+02  0.0000E+00  
7.7904E+02 
 rho      2.3922E+01  2.4011E+01  2.3345E+01  2.0925E+00  1.6397E+01  
2.6937E+01 
 T        1.1684E+03  1.1674E+03  1.2018E+03  7.7061E+01  9.9979E+02  
1.3304E+03 
 p        8.0130E+06  8.0371E+06  8.0305E+06  7.1137E+05  6.1327E+06  
9.6575E+06 
 
 Subset  1 of ZONE  66                         (domain.66),  
 I=106: area is  1.078841E-02 in2,  6.960251E-06 m2 
  
    Ax =  0.814984E-02 in2, Ay =  0.680650E-02 in2, Az =  0.143261E-02 
in2 
    Ax+=  0.814984E-02 in2, Ay+=  0.680650E-02 in2, Az+=  0.772830E-03 
in2 
    Ax-=  0.000000E+00 in2, Ay-=  0.000000E+00 in2, Az-=  0.659784E-03 
in2 
  
            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   





 M        4.3419E-01  4.2170E-01  5.1809E-01  3.6658E-01  0.0000E+00  
1.2733E+00 
 V        2.8412E+02  2.7557E+02  3.4278E+02  2.4792E+02  0.0000E+00  
8.6519E+02 
 rho      2.2736E+01  2.2821E+01  2.2159E+01  2.1022E+00  1.7067E+01  
2.6881E+01 
 T        1.1377E+03  1.1339E+03  1.1742E+03  9.0549E+01  1.0032E+03  
1.3406E+03 
 p        7.3962E+06  7.4002E+06  7.4230E+06  4.5784E+05  6.3118E+06  
9.4556E+06 
 
 Subset  1 of ZONE  60                         (domain.60),  
 I= 34: area is  8.740781E-02 in2,  5.639202E-05 m2 
  
    Ax =  0.638788E-01 in2, Ay =  0.596626E-01 in2, Az =  0.187504E-04 
in2 
    Ax+=  0.638788E-01 in2, Ay+=  0.596626E-01 in2, Az+=  0.000000E+00 
in2 
    Ax-=  0.000000E+00 in2, Ay-=  0.000000E+00 in2, Az-=  0.187504E-04 
in2 
  
            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   
 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 
 M        4.7044E-01  4.5748E-01  5.6363E-01  4.0456E-01  0.0000E+00  
1.3955E+00 
 V        3.0462E+02  2.9554E+02  3.7224E+02  2.7722E+02  0.0000E+00  
9.4062E+02 
 rho      2.1872E+01  2.2040E+01  2.1202E+01  2.0511E+00  1.7380E+01  
2.8109E+01 
 T        1.1257E+03  1.1205E+03  1.1722E+03  1.0309E+02  9.2005E+02  
1.4043E+03 
 p        7.0294E+06  7.0489E+06  7.0822E+06  3.8128E+05  5.8777E+06  
8.4504E+06 
 
 Subset  1 of ZONE  28                         (domain.28),  
 I=106: area is  1.166409E-02 in2,  7.525204E-06 m2 
  
    Ax =  0.876113E-02 in2, Ay =  0.737747E-02 in2, Az =  0.164826E-02 
in2 
    Ax+=  0.876113E-02 in2, Ay+=  0.737747E-02 in2, Az+=  0.894229E-03 
in2 
    Ax-=  0.000000E+00 in2, Ay-=  0.000000E+00 in2, Az-=  0.754030E-03 
in2 
  
            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   
 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 





 V        2.5511E+02  2.4276E+02  3.2098E+02  2.1944E+02  0.0000E+00  
7.3075E+02 
 rho      2.3635E+01  2.3787E+01  2.2492E+01  2.6055E+00  1.4815E+01  
2.6152E+01 
 T        1.0975E+03  1.0900E+03  1.1552E+03  1.2265E+02  9.7197E+02  
1.3566E+03 
 p        7.3902E+06  7.3901E+06  7.3721E+06  3.9067E+05  5.5745E+06  
9.1421E+06 
1Subset  1 of ZONE   6                         (domain.6),  
 I=106: area is  2.678403E-02 in2,  1.727998E-05 m2 
    Ax =  0.192547E-01 in2, Ay =  0.186180E-01 in2, Az =  0.706178E-04 
in2 
    Ax+=  0.192547E-01 in2, Ay+=  0.186180E-01 in2, Az+=  0.706178E-04 
in2 
    Ax-=  0.000000E+00 in2, Ay-=  0.000000E+00 in2, Az-=  0.000000E+00 
in2 
  
            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   
 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 
 M        5.2621E-01  5.1150E-01  5.2047E-01  3.3709E-01  0.0000E+00  
1.1332E+00 
 V        3.4233E+02  3.3216E+02  3.4331E+02  2.2962E+02  0.0000E+00  
7.5894E+02 
 rho      2.2381E+01  2.2550E+01  2.1644E+01  2.6456E+00  1.4401E+01  
2.6361E+01 
 T        1.1413E+03  1.1371E+03  1.1867E+03  1.0536E+02  1.0163E+03  
1.3511E+03 




 *********************************** Totals 
*********************************** 
 
 ** Total Wetted area is 1.643743E-01 in2, 1.060478E-04 m2 
 
            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   
 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 
 M        4.6143E-01  4.4817E-01  5.2214E-01  3.7178E-01  0.0000E+00  
1.3955E+00 
 V        2.9975E+02  2.9062E+02  3.4497E+02  2.5387E+02  0.0000E+00  
9.4062E+02 
 rho      2.2483E+01  2.2658E+01  2.1832E+01  2.3480E+00  1.4401E+01  
2.8109E+01 
 T        1.1342E+03  1.1302E+03  1.1760E+03  1.0240E+02  9.2005E+02  
1.4043E+03 







Laminar Solution Output Data – Bottom 1 Location 
1PH5 Diffuser Model, Laminar Vis, ICEM MESH 
 IC M 1.35 P 1050psi T 2250K 
  
 Freestream conditions (* indicates calculated) 
  
 Mach number                   0.010 
 Angle of attack               0.000 degrees 
 Yaw angle                     0.000 degrees 
 Gamma                         1.260 
 Gas constant (R)            286.959 m2/s2-K         1716.000 ft2/s2-R 
 Static pressure        0.689476E+07 N/m2         1000.00     lbf/in2 
 Static temperature      555.556     K            1000.00     R 
 Static density*         43.2486     kg/m3       0.839161E-01 slug/ft3 
 Total pressure*        0.689519E+07 N/m2         1000.06     lbf/in2 
 Total temperature*      555.563     K            1000.01     R 
 Total density*          43.2507     kg/m3       0.839203E-01 slug/ft3 
 Speed of sound          448.187     m/s          1470.43     ft/s 
 Velocity                4.48187     m/s          14.7043     ft/s 
 Dynamic pressure        434.370     N/m2        0.630000E-01 lbf/in2 
 Laminar Viscosity      0.289996E-04 kg/m-s      0.605669E-06 slug/ft-s 
 Reynolds Number*       0.668403E+07 1/m         0.203729E+07 1/ft 
 Enthalpy*               772582.     m2/s2       0.831600E+07 ft2/s2 
 Stagnation Enthalpy*    772592.     m2/s2       0.831611E+07 ft2/s2 
1Subset  1 of ZONE   9                         (domain.9),  
 J=  1: area is  2.729092E-02 in2,  1.760701E-05 m2 
    Ax =  0.188875E-01 in2, Ay =  0.196632E-01 in2, Az =  0.831027E-03 
in2 
    Ax+=  0.000000E+00 in2, Ay+=  0.196632E-01 in2, Az+=  0.831027E-03 
in2 
    Ax-=  0.188875E-01 in2, Ay-=  0.000000E+00 in2, Az-=  0.000000E+00 
in2 
  
            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   
 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 
 M        3.9909E-01  3.8506E-01  4.1020E-01  2.9680E-01  0.0000E+00  
1.1796E+00 
 V        2.5710E+02  2.4725E+02  2.6964E+02  2.0371E+02  0.0000E+00  
8.0797E+02 
 rho      2.4478E+01  2.4657E+01  2.3424E+01  2.8501E+00  1.6204E+01  
2.8064E+01 
 T        1.1063E+03  1.0992E+03  1.1633E+03  1.2497E+02  9.2127E+02  
1.3607E+03 






 Subset  1 of ZONE  67                         (domain.67),  
 J=  1: area is  1.162297E-02 in2,  7.498674E-06 m2 
  
    Ax =  0.869249E-02 in2, Ay =  0.730417E-02 in2, Az =  0.189404E-02 
in2 
    Ax+=  0.000000E+00 in2, Ay+=  0.730417E-02 in2, Az+=  0.873405E-03 
in2 
    Ax-=  0.869249E-02 in2, Ay-=  0.000000E+00 in2, Az-=  0.102063E-02 
in2 
  
            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   
 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 
 M        4.9326E-01  4.7410E-01  5.4098E-01  3.3728E-01  0.0000E+00  
1.2487E+00 
 V        3.1485E+02  3.0135E+02  3.5399E+02  2.3316E+02  0.0000E+00  
8.4848E+02 
 rho      2.3830E+01  2.4052E+01  2.2565E+01  3.0849E+00  1.6582E+01  
2.7845E+01 
 T        1.0745E+03  1.0648E+03  1.1364E+03  1.3838E+02  9.2313E+02  
1.3450E+03 
 p        7.2765E+06  7.2828E+06  7.2439E+06  4.1138E+05  6.2740E+06  
8.2178E+06 
 
 Subset  1 of ZONE  56                         (domain.56),  
 J=  1: area is  8.644979E-02 in2,  5.577394E-05 m2 
  
    Ax =  0.616286E-01 in2, Ay =  0.606257E-01 in2, Az =  0.205141E-04 
in2 
    Ax+=  0.000000E+00 in2, Ay+=  0.606257E-01 in2, Az+=  0.205141E-04 
in2 
    Ax-=  0.616286E-01 in2, Ay-=  0.000000E+00 in2, Az-=  0.000000E+00 
in2 
  
            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   
 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 
 M        4.4657E-01  4.3505E-01  5.3821E-01  3.9664E-01  0.0000E+00  
1.4237E+00 
 V        2.8774E+02  2.7985E+02  3.5243E+02  2.6929E+02  0.0000E+00  
9.5608E+02 
 rho      2.2186E+01  2.2405E+01  2.1672E+01  2.2593E+00  1.5538E+01  
2.7503E+01 
 T        1.1166E+03  1.1119E+03  1.1543E+03  9.9884E+01  9.1559E+02  
1.3569E+03 
 p        7.0757E+06  7.1138E+06  7.1374E+06  5.9180E+05  5.7911E+06  
8.8367E+06 
 
 Subset  1 of ZONE  29                         (domain.29),  





    Ax =  0.931411E-02 in2, Ay =  0.789962E-02 in2, Az =  0.216498E-02 
in2 
    Ax+=  0.000000E+00 in2, Ay+=  0.789962E-02 in2, Az+=  0.999620E-03 
in2 
    Ax-=  0.931411E-02 in2, Ay-=  0.000000E+00 in2, Az-=  0.116536E-02 
in2 
  
            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   
 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 
 M        4.2867E-01  4.0944E-01  4.8820E-01  3.4606E-01  0.0000E+00  
1.2290E+00 
 V        2.7735E+02  2.6400E+02  3.1868E+02  2.3278E+02  0.0000E+00  
8.2712E+02 
 rho      2.2843E+01  2.3039E+01  2.2104E+01  2.7939E+00  1.5082E+01  
2.9187E+01 
 T        1.1034E+03  1.0942E+03  1.1317E+03  1.1739E+02  8.5560E+02  
1.3330E+03 
 p        7.1679E+06  7.1693E+06  7.0886E+06  3.1302E+05  5.7664E+06  
7.9427E+06 
1Subset  1 of ZONE   5                         (domain.5),  
 J=  1: area is  2.632492E-02 in2,  1.698379E-05 m2 
    Ax =  0.179279E-01 in2, Ay =  0.192617E-01 in2, Az =  0.538923E-03 
in2 
    Ax+=  0.000000E+00 in2, Ay+=  0.192617E-01 in2, Az+=  0.000000E+00 
in2 
    Ax-=  0.179279E-01 in2, Ay-=  0.000000E+00 in2, Az-=  0.538923E-03 
in2 
  
            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   
 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 
 M        4.8914E-01  4.6649E-01  4.9470E-01  3.2712E-01  0.0000E+00  
1.0880E+00 
 V        3.1274E+02  2.9640E+02  3.2297E+02  2.2442E+02  0.0000E+00  
7.3563E+02 
 rho      2.4430E+01  2.4830E+01  2.3066E+01  3.7454E+00  1.5082E+01  
3.0093E+01 
 T        1.0844E+03  1.0709E+03  1.1484E+03  1.4497E+02  8.6630E+02  
1.3674E+03 




 *********************************** Totals 
*********************************** 
 





            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   
 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 
 M        4.4744E-01  4.3249E-01  5.0968E-01  3.6450E-01  0.0000E+00  
1.4237E+00 
 V        2.8778E+02  2.7729E+02  3.3359E+02  2.4806E+02  0.0000E+00  
9.5608E+02 
 rho      2.3093E+01  2.3381E+01  2.2255E+01  2.8315E+00  1.5082E+01  
3.0093E+01 
 T        1.1057E+03  1.0979E+03  1.1494E+03  1.1797E+02  8.5560E+02  
1.3674E+03 




Laminar Solution Output Data – Bottom 2 Location 
1PH5 Diffuser Model, Laminar Vis, ICEM MESH 
 IC M 1.35 P 1050psi T 2250K 
  
 Freestream conditions (* indicates calculated) 
  
 Mach number                   0.010 
 Angle of attack               0.000 degrees 
 Yaw angle                     0.000 degrees 
 Gamma                         1.260 
 Gas constant (R)            286.959 m2/s2-K         1716.000 ft2/s2-R 
 Static pressure        0.689476E+07 N/m2         1000.00     lbf/in2 
 Static temperature      555.556     K            1000.00     R 
 Static density*         43.2486     kg/m3       0.839161E-01 slug/ft3 
 Total pressure*        0.689519E+07 N/m2         1000.06     lbf/in2 
 Total temperature*      555.563     K            1000.01     R 
 Total density*          43.2507     kg/m3       0.839203E-01 slug/ft3 
 Speed of sound          448.187     m/s          1470.43     ft/s 
 Velocity                4.48187     m/s          14.7043     ft/s 
 Dynamic pressure        434.370     N/m2        0.630000E-01 lbf/in2 
 Laminar Viscosity      0.289996E-04 kg/m-s      0.605669E-06 slug/ft-s 
 Reynolds Number*       0.668403E+07 1/m         0.203729E+07 1/ft 
 Enthalpy*               772582.     m2/s2       0.831600E+07 ft2/s2 
 Stagnation Enthalpy*    772592.     m2/s2       0.831611E+07 ft2/s2 
1Subset  1 of ZONE   9                         (domain.9),  
 J=122: area is  2.727753E-02 in2,  1.759837E-05 m2 
    Ax =  0.188560E-01 in2, Ay =  0.196732E-01 in2, Az =  0.850292E-03 
in2 
    Ax+=  0.000000E+00 in2, Ay+=  0.000000E+00 in2, Az+=  0.000000E+00 
in2 
    Ax-=  0.188560E-01 in2, Ay-=  0.196732E-01 in2, Az-=  0.850292E-03 
in2 
  




    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   
 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 
 M        2.7816E-01  2.5410E-01  2.5820E-01  2.2186E-01  0.0000E+00  
8.0762E-01 
 V        1.7099E+02  1.5447E+02  1.5970E+02  1.4643E+02  0.0000E+00  
5.2005E+02 
 rho      2.9183E+01  3.0435E+01  3.0463E+01  8.3526E+00  2.0435E+01  
4.7805E+01 
 T        9.7235E+02  9.3832E+02  9.5511E+02  2.2000E+02  5.6769E+02  
1.2543E+03 
 p        7.8400E+06  7.8287E+06  7.8380E+06  1.9425E+05  7.0556E+06  
8.1488E+06 
 
 Subset  1 of ZONE  67                         (domain.67),  
 J=122: area is  1.165339E-02 in2,  7.518298E-06 m2 
  
    Ax =  0.871722E-02 in2, Ay =  0.731600E-02 in2, Az =  0.191105E-02 
in2 
    Ax+=  0.000000E+00 in2, Ay+=  0.000000E+00 in2, Az+=  0.102975E-02 
in2 
    Ax-=  0.871722E-02 in2, Ay-=  0.731600E-02 in2, Az-=  0.881301E-03 
in2 
  
            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   
 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 
 M        1.9443E-01  1.7354E-01  2.2414E-01  2.3607E-01  0.0000E+00  
8.1101E-01 
 V        1.0900E+02  9.4649E+01  1.2830E+02  1.4946E+02  0.0000E+00  
5.1997E+02 
 rho      3.5210E+01  3.7123E+01  3.5567E+01  9.7446E+00  1.9878E+01  
4.7348E+01 
 T        7.9723E+02  7.5877E+02  7.9687E+02  2.0405E+02  5.6878E+02  
1.2033E+03 
 p        7.6486E+06  7.6700E+06  7.5686E+06  2.7044E+05  6.7849E+06  
7.8793E+06 
 
 Subset  1 of ZONE  56                         (domain.56),  
 J=122: area is  8.642238E-02 in2,  5.575626E-05 m2 
  
    Ax =  0.615944E-01 in2, Ay =  0.606214E-01 in2, Az =  0.205145E-04 
in2 
    Ax+=  0.000000E+00 in2, Ay+=  0.000000E+00 in2, Az+=  0.000000E+00 
in2 
    Ax-=  0.615944E-01 in2, Ay-=  0.606214E-01 in2, Az-=  0.205145E-04 
in2 
  
            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     




 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 
 M        1.0748E-01  1.0585E-01  1.1591E-01  8.1437E-02  0.0000E+00  
6.8871E-01 
 V        5.1946E+01  5.0654E+01  5.7143E+01  4.7479E+01  0.0000E+00  
4.2499E+02 
 rho      4.3861E+01  4.4449E+01  4.3216E+01  5.7818E+00  2.4346E+01  
4.9273E+01 
 T        6.3667E+02  6.2718E+02  6.4905E+02  1.0480E+02  5.6924E+02  
1.0787E+03 
 p        7.8890E+06  7.8905E+06  7.8785E+06  1.2351E+05  7.3577E+06  
8.1400E+06 
 
 Subset  1 of ZONE  29                         (domain.29),  
 J=122: area is  1.257482E-02 in2,  8.112768E-06 m2 
  
    Ax =  0.933972E-02 in2, Ay =  0.791191E-02 in2, Az =  0.218447E-02 
in2 
    Ax+=  0.000000E+00 in2, Ay+=  0.000000E+00 in2, Az+=  0.117573E-02 
in2 
    Ax-=  0.933972E-02 in2, Ay-=  0.791191E-02 in2, Az-=  0.100874E-02 
in2 
  
            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   
 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 
 M        1.9523E-01  1.8000E-01  2.0764E-01  1.8189E-01  0.0000E+00  
8.6604E-01 
 V        1.0804E+02  9.7200E+01  1.1817E+02  1.1862E+02  0.0000E+00  
5.5270E+02 
 rho      3.7539E+01  3.9387E+01  3.7857E+01  1.0032E+01  2.0674E+01  
5.0153E+01 
 T        7.9228E+02  7.5644E+02  7.9451E+02  2.0225E+02  5.7536E+02  
1.1958E+03 
 p        8.1226E+06  8.1395E+06  8.0583E+06  2.7099E+05  6.9624E+06  
8.3682E+06 
1Subset  1 of ZONE   5                         (domain.5),  
 J=122: area is  2.631025E-02 in2,  1.697432E-05 m2 
    Ax =  0.178936E-01 in2, Ay =  0.192725E-01 in2, Az =  0.555730E-03 
in2 
    Ax+=  0.000000E+00 in2, Ay+=  0.000000E+00 in2, Az+=  0.555730E-03 
in2 
    Ax-=  0.178936E-01 in2, Ay-=  0.192725E-01 in2, Az-=  0.000000E+00 
in2 
  
            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   
 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 





 V        1.4651E+02  1.3135E+02  1.3749E+02  1.2358E+02  0.0000E+00  
5.2963E+02 
 rho      3.1764E+01  3.3736E+01  3.2726E+01  9.3690E+00  2.1635E+01  
5.0701E+01 
 T        9.6707E+02  9.2124E+02  9.5167E+02  2.1965E+02  5.7711E+02  
1.1958E+03 




 *********************************** Totals 
*********************************** 
 
 ** Total Wetted area is 1.642383E-01 in2, 1.059600E-04 m2 
 
            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   
 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 
 M        1.6983E-01  1.4936E-01  1.7448E-01  1.7045E-01  0.0000E+00  
8.6604E-01 
 V        9.5210E+01  8.0806E+01  9.8241E+01  1.1073E+02  0.0000E+00  
5.5270E+02 
 rho      3.8387E+01  4.0404E+01  3.8488E+01  9.3010E+00  1.9878E+01  
5.0701E+01 
 T        7.6865E+02  7.2369E+02  7.6670E+02  2.1094E+02  5.6769E+02  
1.2543E+03 




Laminar Solution Output Data – Bottom Holes Average 
1PH5 Diffuser Model, Laminar Vis, ICEM MESH 
 IC M 1.35 P 1050psi T 2250K 
  
 Freestream conditions (* indicates calculated) 
  
 Mach number                   0.010 
 Angle of attack               0.000 degrees 
 Yaw angle                     0.000 degrees 
 Gamma                         1.260 
 Gas constant (R)            286.959 m2/s2-K         1716.000 ft2/s2-R 
 Static pressure        0.689476E+07 N/m2         1000.00     lbf/in2 
 Static temperature      555.556     K            1000.00     R 
 Static density*         43.2486     kg/m3       0.839161E-01 slug/ft3 
 Total pressure*        0.689519E+07 N/m2         1000.06     lbf/in2 
 Total temperature*      555.563     K            1000.01     R 
 Total density*          43.2507     kg/m3       0.839203E-01 slug/ft3 
 Speed of sound          448.187     m/s          1470.43     ft/s 
 Velocity                4.48187     m/s          14.7043     ft/s 
 Dynamic pressure        434.370     N/m2        0.630000E-01 lbf/in2 




 Reynolds Number*       0.668403E+07 1/m         0.203729E+07 1/ft 
 Enthalpy*               772582.     m2/s2       0.831600E+07 ft2/s2 
 Stagnation Enthalpy*    772592.     m2/s2       0.831611E+07 ft2/s2 
1Subset  1 of ZONE  65                         (domain.65),  
 K=  1: area is  1.939493E-02 in2,  1.251283E-05 m2 
    Ax =  0.156836E-01 in2, Ay =  0.113935E-01 in2, Az =  0.208873E-03 
in2 
    Ax+=  0.156836E-01 in2, Ay+=  0.113935E-01 in2, Az+=  0.104535E-03 
in2 
    Ax-=  0.000000E+00 in2, Ay-=  0.000000E+00 in2, Az-=  0.104338E-03 
in2 
  
            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   
 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 
 M        2.1163E-01  1.7359E-01  1.8169E-01  2.6357E-01  0.0000E+00  
9.6490E-01 
 V        1.1925E+02  9.4230E+01  1.0446E+02  1.6879E+02  0.0000E+00  
6.3356E+02 
 rho      3.5178E+01  3.6827E+01  3.4165E+01  8.5968E+00  1.9969E+01  
4.2767E+01 
 T        7.0836E+02  6.6752E+02  7.4227E+02  2.2497E+02  5.5225E+02  
1.1924E+03 
 p        6.7075E+06  6.7084E+06  6.7395E+06  1.3643E+05  6.4005E+06  
7.0602E+06 
 
 Subset  1 of ZONE  27                         (domain.27),  
 K=  1: area is  1.940049E-02 in2,  1.251642E-05 m2 
  
    Ax =  0.156884E-01 in2, Ay =  0.113970E-01 in2, Az =  0.235448E-03 
in2 
    Ax+=  0.156884E-01 in2, Ay+=  0.113970E-01 in2, Az+=  0.117816E-03 
in2 
    Ax-=  0.000000E+00 in2, Ay-=  0.000000E+00 in2, Az-=  0.117631E-03 
in2 
  
            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   
 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 
 M        2.0406E-01  1.7243E-01  1.7518E-01  2.4542E-01  0.0000E+00  
9.4732E-01 
 V        1.1322E+02  9.2917E+01  9.9027E+01  1.5428E+02  0.0000E+00  
6.2532E+02 
 rho      3.5294E+01  3.6733E+01  3.4412E+01  7.8071E+00  2.0930E+01  
4.3876E+01 
 T        7.0724E+02  6.7253E+02  7.3659E+02  2.0420E+02  5.5252E+02  
1.2051E+03 







 *********************************** Totals 
*********************************** 
 
 ** Total Wetted area is 3.879542E-02 in2, 2.502925E-05 m2 
 
            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   
 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 
 M        2.0784E-01  1.7301E-01  1.7843E-01  2.5424E-01  0.0000E+00  
9.6490E-01 
 V        1.1624E+02  9.3572E+01  1.0174E+02  1.6144E+02  0.0000E+00  
6.3356E+02 
 rho      3.5236E+01  3.6780E+01  3.4289E+01  8.1981E+00  1.9969E+01  
4.3876E+01 
 T        7.0780E+02  6.7003E+02  7.3943E+02  2.1448E+02  5.5225E+02  
1.2051E+03 




Laminar Solution Output Data – Center Holes Average 
1PH5 Diffuser Model, Laminar Vis, ICEM MESH 
 IC M 1.35 P 1050psi T 2250K 
  
 Freestream conditions (* indicates calculated) 
  
 Mach number                   0.010 
 Angle of attack               0.000 degrees 
 Yaw angle                     0.000 degrees 
 Gamma                         1.260 
 Gas constant (R)            286.959 m2/s2-K         1716.000 ft2/s2-R 
 Static pressure        0.689476E+07 N/m2         1000.00     lbf/in2 
 Static temperature      555.556     K            1000.00     R 
 Static density*         43.2486     kg/m3       0.839161E-01 slug/ft3 
 Total pressure*        0.689519E+07 N/m2         1000.06     lbf/in2 
 Total temperature*      555.563     K            1000.01     R 
 Total density*          43.2507     kg/m3       0.839203E-01 slug/ft3 
 Speed of sound          448.187     m/s          1470.43     ft/s 
 Velocity                4.48187     m/s          14.7043     ft/s 
 Dynamic pressure        434.370     N/m2        0.630000E-01 lbf/in2 
 Laminar Viscosity      0.289996E-04 kg/m-s      0.605669E-06 slug/ft-s 
 Reynolds Number*       0.668403E+07 1/m         0.203729E+07 1/ft 
 Enthalpy*               772582.     m2/s2       0.831600E+07 ft2/s2 
 Stagnation Enthalpy*    772592.     m2/s2       0.831611E+07 ft2/s2 
1Subset  1 of ZONE  78                         (domain.78),  
 K=  1: area is  1.943415E-02 in2,  1.253813E-05 m2 





    Ax+=  0.194251E-01 in2, Ay+=  0.218521E-03 in2, Az+=  0.128419E-03 
in2 
    Ax-=  0.000000E+00 in2, Ay-=  0.219616E-03 in2, Az-=  0.128369E-03 
in2 
  
            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   
 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 
 M        2.7251E-01  2.4209E-01  2.2735E-01  2.5420E-01  0.0000E+00  
1.0332E+00 
 V        1.5059E+02  1.2937E+02  1.2585E+02  1.5932E+02  0.0000E+00  
6.6132E+02 
 rho      2.8378E+01  3.0110E+01  2.8794E+01  7.3830E+00  1.8067E+01  
3.9325E+01 
 T        7.6229E+02  7.1640E+02  7.5839E+02  2.0335E+02  5.3084E+02  
1.1655E+03 
 p        5.8048E+06  5.8327E+06  5.8527E+06  3.0996E+05  5.1851E+06  
6.7102E+06 
 
 Subset  1 of ZONE  48                         (domain.48),  
 K=  1: area is  1.940338E-02 in2,  1.251828E-05 m2 
  
    Ax =  0.113984E-01 in2, Ay =  0.156899E-01 in2, Az =  0.282787E-03 
in2 
    Ax+=  0.000000E+00 in2, Ay+=  0.156899E-01 in2, Az+=  0.141295E-03 
in2 
    Ax-=  0.113984E-01 in2, Ay-=  0.000000E+00 in2, Az-=  0.141492E-03 
in2 
  
            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   
 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 
 M        7.4459E-01  7.0736E-01  5.8307E-01  4.5979E-01  0.0000E+00  
1.2852E+00 
 V        4.8561E+02  4.6101E+02  3.7926E+02  2.9985E+02  0.0000E+00  
8.4019E+02 
 rho      2.1415E+01  2.1941E+01  2.1856E+01  3.9786E+00  1.5892E+01  
3.2198E+01 
 T        1.1662E+03  1.1617E+03  1.1501E+03  6.9685E+01  9.8151E+02  
1.2603E+03 




 *********************************** Totals 
*********************************** 
 
 ** Total Wetted area is 3.883752E-02 in2, 2.505642E-05 m2 
 




    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   
 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 
 M        5.0836E-01  4.4201E-01  3.6964E-01  3.9162E-01  0.0000E+00  
1.2852E+00 
 V        3.1796E+02  2.7187E+02  2.2722E+02  2.5782E+02  0.0000E+00  
8.4019E+02 
 rho      2.4899E+01  2.6600E+01  2.6019E+01  7.1088E+00  1.5892E+01  
3.9325E+01 
 T        9.6410E+02  9.0776E+02  9.1508E+02  2.5225E+02  5.3084E+02  
1.2603E+03 




Laminar Solution Output Data – Top Holes Average 
1PH5 Diffuser Model, Laminar Vis, ICEM MESH 
 IC M 1.35 P 1050psi T 2250K 
  
 Freestream conditions (* indicates calculated) 
  
 Mach number                   0.010 
 Angle of attack               0.000 degrees 
 Yaw angle                     0.000 degrees 
 Gamma                         1.260 
 Gas constant (R)            286.959 m2/s2-K         1716.000 ft2/s2-R 
 Static pressure        0.689476E+07 N/m2         1000.00     lbf/in2 
 Static temperature      555.556     K            1000.00     R 
 Static density*         43.2486     kg/m3       0.839161E-01 slug/ft3 
 Total pressure*        0.689519E+07 N/m2         1000.06     lbf/in2 
 Total temperature*      555.563     K            1000.01     R 
 Total density*          43.2507     kg/m3       0.839203E-01 slug/ft3 
 Speed of sound          448.187     m/s          1470.43     ft/s 
 Velocity                4.48187     m/s          14.7043     ft/s 
 Dynamic pressure        434.370     N/m2        0.630000E-01 lbf/in2 
 Laminar Viscosity      0.289996E-04 kg/m-s      0.605669E-06 slug/ft-s 
 Reynolds Number*       0.668403E+07 1/m         0.203729E+07 1/ft 
 Enthalpy*               772582.     m2/s2       0.831600E+07 ft2/s2 
 Stagnation Enthalpy*    772592.     m2/s2       0.831611E+07 ft2/s2 
1Subset  1 of ZONE  82                         (domain.82),  
 K=  1: area is  1.938214E-02 in2,  1.250458E-05 m2 
    Ax =  0.156711E-01 in2, Ay =  0.113870E-01 in2, Az =  0.159829E-03 
in2 
    Ax+=  0.156711E-01 in2, Ay+=  0.000000E+00 in2, Az+=  0.800132E-04 
in2 
    Ax-=  0.000000E+00 in2, Ay-=  0.113870E-01 in2, Az-=  0.798157E-04 
in2 
  




    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   
 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 
 M        2.1078E-01  1.7112E-01  1.8783E-01  2.7358E-01  0.0000E+00  
9.4403E-01 
 V        1.2090E+02  9.5480E+01  1.0953E+02  1.7309E+02  0.0000E+00  
6.1733E+02 
 rho      3.4448E+01  3.6034E+01  3.3931E+01  8.6183E+00  2.1069E+01  
4.3267E+01 
 T        7.2686E+02  6.8807E+02  7.5814E+02  2.2701E+02  5.5486E+02  
1.1827E+03 
 p        6.7640E+06  6.7616E+06  6.8412E+06  2.4012E+05  6.2778E+06  
7.4262E+06 
 
 Subset  1 of ZONE  44                         (domain.44),  
 K=  1: area is  1.938987E-02 in2,  1.250957E-05 m2 
  
    Ax =  0.156778E-01 in2, Ay =  0.113919E-01 in2, Az =  0.181806E-03 
in2 
    Ax+=  0.156778E-01 in2, Ay+=  0.000000E+00 in2, Az+=  0.909887E-04 
in2 
    Ax-=  0.000000E+00 in2, Ay-=  0.113919E-01 in2, Az-=  0.908171E-04 
in2 
  
            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   
 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 
 M        2.0235E-01  1.6265E-01  1.8914E-01  2.8621E-01  0.0000E+00  
9.6757E-01 
 V        1.1569E+02  9.0268E+01  1.1048E+02  1.8036E+02  0.0000E+00  
6.2657E+02 
 rho      3.4393E+01  3.6062E+01  3.3344E+01  8.6127E+00  2.0510E+01  
4.3031E+01 
 T        7.2189E+02  6.8267E+02  7.5989E+02  2.1782E+02  5.5372E+02  
1.1598E+03 




 *********************************** Totals 
*********************************** 
 
 ** Total Wetted area is 3.877201E-02 in2, 2.501415E-05 m2 
 
            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   
 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 





 V        1.1830E+02  9.2875E+01  1.1001E+02  1.7645E+02  0.0000E+00  
6.2657E+02 
 rho      3.4421E+01  3.6048E+01  3.3637E+01  8.6055E+00  2.0510E+01  
4.3267E+01 
 T        7.2437E+02  6.8537E+02  7.5901E+02  2.2207E+02  5.5372E+02  
1.1827E+03 




Refined Laminar Solution Output Data – Bottom 1 Location 
1PH5 Diffuser Model, Laminar Vis, ICEM MESH 
 IC M 1.35 P 1050psi T 2250K 
  
 Freestream conditions (* indicates calculated) 
  
 Mach number                   0.010 
 Angle of attack               0.000 degrees 
 Yaw angle                     0.000 degrees 
 Gamma                         1.260 
 Gas constant (R)            286.959 m2/s2-K         1716.000 ft2/s2-R 
 Static pressure        0.689476E+07 N/m2         1000.00     lbf/in2 
 Static temperature      555.556     K            1000.00     R 
 Static density*         43.2486     kg/m3       0.839161E-01 slug/ft3 
 Total pressure*        0.689519E+07 N/m2         1000.06     lbf/in2 
 Total temperature*      555.563     K            1000.01     R 
 Total density*          43.2507     kg/m3       0.839203E-01 slug/ft3 
 Speed of sound          448.187     m/s          1470.43     ft/s 
 Velocity                4.48187     m/s          14.7043     ft/s 
 Dynamic pressure        434.370     N/m2        0.630000E-01 lbf/in2 
 Laminar Viscosity      0.289996E-04 kg/m-s      0.605669E-06 slug/ft-s 
 Reynolds Number*       0.668403E+07 1/m         0.203729E+07 1/ft 
 Enthalpy*               772582.     m2/s2       0.831600E+07 ft2/s2 
 Stagnation Enthalpy*    772592.     m2/s2       0.831611E+07 ft2/s2 
1Subset  1 of ZONE   9                         (domain.9),  
 J=  1: area is  2.729092E-02 in2,  1.760701E-05 m2 
    Ax =  0.188875E-01 in2, Ay =  0.196632E-01 in2, Az =  0.831027E-03 
in2 
    Ax+=  0.000000E+00 in2, Ay+=  0.196632E-01 in2, Az+=  0.831027E-03 
in2 
    Ax-=  0.188875E-01 in2, Ay-=  0.000000E+00 in2, Az-=  0.000000E+00 
in2 
  
            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   
 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 





 V        3.2205E+02  3.1309E+02  3.2637E+02  2.3374E+02  0.0000E+00  
7.2775E+02 
 rho      2.2203E+01  2.2456E+01  2.1404E+01  2.8292E+00  1.4204E+01  
2.9432E+01 
 T        1.1482E+03  1.1433E+03  1.1979E+03  1.1915E+02  9.1161E+02  
1.4120E+03 
 p        7.2803E+06  7.3325E+06  7.3162E+06  9.8336E+05  5.1987E+06  
1.0197E+07 
 
 Subset  1 of ZONE  67                         (domain.67),  
 J=  1: area is  1.162539E-02 in2,  7.500237E-06 m2 
  
    Ax =  0.869622E-02 in2, Ay =  0.730100E-02 in2, Az =  0.189900E-02 
in2 
    Ax+=  0.000000E+00 in2, Ay+=  0.730100E-02 in2, Az+=  0.875883E-03 
in2 
    Ax-=  0.869622E-02 in2, Ay-=  0.000000E+00 in2, Az-=  0.102311E-02 
in2 
  
            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   
 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 
 M        5.3346E-01  5.1945E-01  6.0441E-01  4.0699E-01  0.0000E+00  
1.2972E+00 
 V        3.4937E+02  3.3986E+02  4.0034E+02  2.7768E+02  0.0000E+00  
8.7251E+02 
 rho      2.0687E+01  2.0777E+01  2.0214E+01  1.8385E+00  1.4204E+01  
2.4632E+01 
 T        1.1392E+03  1.1354E+03  1.1744E+03  9.1835E+01  9.5555E+02  
1.3580E+03 
 p        6.7375E+06  6.7441E+06  6.7798E+06  5.0410E+05  5.4525E+06  
9.0716E+06 
 
 Subset  1 of ZONE  56                         (domain.56),  
 J=  1: area is  8.644977E-02 in2,  5.577393E-05 m2 
  
    Ax =  0.616286E-01 in2, Ay =  0.606257E-01 in2, Az =  0.205141E-04 
in2 
    Ax+=  0.000000E+00 in2, Ay+=  0.606257E-01 in2, Az+=  0.205141E-04 
in2 
    Ax-=  0.616286E-01 in2, Ay-=  0.000000E+00 in2, Az-=  0.572849E-11 
in2 
  
            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   
 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 
 M        4.4926E-01  4.3119E-01  5.3012E-01  4.1680E-01  0.0000E+00  
1.5251E+00 





 rho      2.0791E+01  2.0936E+01  2.0387E+01  1.8861E+00  1.6099E+01  
2.4738E+01 
 T        1.1587E+03  1.1573E+03  1.1907E+03  7.7400E+01  9.8839E+02  
1.3442E+03 
 p        6.9030E+06  6.9439E+06  6.9507E+06  6.4603E+05  5.5157E+06  
8.5613E+06 
 
 Subset  1 of ZONE  29                         (domain.29),  
 J=  1: area is  1.254553E-02 in2,  8.093873E-06 m2 
  
    Ax =  0.931874E-02 in2, Ay =  0.789571E-02 in2, Az =  0.217079E-02 
in2 
    Ax+=  0.000000E+00 in2, Ay+=  0.789571E-02 in2, Az+=  0.100252E-02 
in2 
    Ax-=  0.931874E-02 in2, Ay-=  0.000000E+00 in2, Az-=  0.116827E-02 
in2 
  
            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   
 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 
 M        4.6847E-01  4.6151E-01  5.2172E-01  3.3602E-01  0.0000E+00  
1.2554E+00 
 V        3.0211E+02  2.9681E+02  3.3856E+02  2.2419E+02  0.0000E+00  
8.4433E+02 
 rho      2.1062E+01  2.1143E+01  2.0650E+01  2.0620E+00  1.6803E+01  
3.1444E+01 
 T        1.1301E+03  1.1260E+03  1.1474E+03  1.0360E+02  7.4686E+02  
1.3048E+03 
 p        6.8003E+06  6.8001E+06  6.7430E+06  2.5717E+05  5.6375E+06  
7.2100E+06 
1Subset  1 of ZONE   5                         (domain.5),  
 J=  1: area is  2.632493E-02 in2,  1.698379E-05 m2 
    Ax =  0.179279E-01 in2, Ay =  0.192617E-01 in2, Az =  0.538923E-03 
in2 
    Ax+=  0.000000E+00 in2, Ay+=  0.192617E-01 in2, Az+=  0.000000E+00 
in2 
    Ax-=  0.179279E-01 in2, Ay-=  0.000000E+00 in2, Az-=  0.538923E-03 
in2 
  
            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   
 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 
 M        4.4921E-01  4.3866E-01  4.9226E-01  3.7143E-01  0.0000E+00  
1.3141E+00 
 V        2.9657E+02  2.8949E+02  3.2743E+02  2.5156E+02  0.0000E+00  
8.2778E+02 
 rho      2.3533E+01  2.3678E+01  2.3025E+01  2.1796E+00  1.6683E+01  
2.8108E+01 









 *********************************** Totals 
*********************************** 
 
 ** Total Wetted area is 1.642365E-01 in2, 1.059588E-04 m2 
 
            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   
 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 
 M        4.6395E-01  4.4918E-01  5.3399E-01  3.8973E-01  0.0000E+00  
1.5251E+00 
 V        3.0334E+02  2.9344E+02  3.5246E+02  2.6348E+02  0.0000E+00  
1.0083E+03 
 rho      2.1478E+01  2.1684E+01  2.0810E+01  2.2362E+00  1.4204E+01  
3.1444E+01 
 T        1.1558E+03  1.1536E+03  1.1824E+03  9.5466E+01  7.4686E+02  
1.4126E+03 




Refined Laminar Solution Output Data – Bottom 2 Location 
1PH5 Diffuser Model, Laminar Vis, ICEM MESH 
 IC M 1.35 P 1050psi T 2250K 
  
 Freestream conditions (* indicates calculated) 
  
 Mach number                   0.010 
 Angle of attack               0.000 degrees 
 Yaw angle                     0.000 degrees 
 Gamma                         1.260 
 Gas constant (R)            286.959 m2/s2-K         1716.000 ft2/s2-R 
 Static pressure        0.689476E+07 N/m2         1000.00     lbf/in2 
 Static temperature      555.556     K            1000.00     R 
 Static density*         43.2486     kg/m3       0.839161E-01 slug/ft3 
 Total pressure*        0.689519E+07 N/m2         1000.06     lbf/in2 
 Total temperature*      555.563     K            1000.01     R 
 Total density*          43.2507     kg/m3       0.839203E-01 slug/ft3 
 Speed of sound          448.187     m/s          1470.43     ft/s 
 Velocity                4.48187     m/s          14.7043     ft/s 
 Dynamic pressure        434.370     N/m2        0.630000E-01 lbf/in2 
 Laminar Viscosity      0.289996E-04 kg/m-s      0.605669E-06 slug/ft-s 
 Reynolds Number*       0.668403E+07 1/m         0.203729E+07 1/ft 
 Enthalpy*               772582.     m2/s2       0.831600E+07 ft2/s2 
 Stagnation Enthalpy*    772592.     m2/s2       0.831611E+07 ft2/s2 




 J=162: area is  2.727753E-02 in2,  1.759837E-05 m2 
    Ax =  0.188560E-01 in2, Ay =  0.196732E-01 in2, Az =  0.850292E-03 
in2 
    Ax+=  0.000000E+00 in2, Ay+=  0.000000E+00 in2, Az+=  0.000000E+00 
in2 
    Ax-=  0.188560E-01 in2, Ay-=  0.196732E-01 in2, Az-=  0.850292E-03 
in2 
  
            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   
 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 
 M        3.4802E-01  3.3433E-01  3.1890E-01  2.6073E-01  0.0000E+00  
8.5183E-01 
 V        2.1062E+02  2.0175E+02  1.9433E+02  1.6466E+02  0.0000E+00  
5.4842E+02 
 rho      2.7595E+01  2.8050E+01  2.8733E+01  6.5744E+00  2.0627E+01  
4.7759E+01 
 T        9.8165E+02  9.6994E+02  9.6719E+02  1.6273E+02  5.6876E+02  
1.2229E+03 
 p        7.6658E+06  7.6652E+06  7.6816E+06  2.4307E+05  6.9053E+06  
8.1796E+06 
 
 Subset  1 of ZONE  67                         (domain.67),  
 J=162: area is  1.165587E-02 in2,  7.519899E-06 m2 
  
    Ax =  0.872103E-02 in2, Ay =  0.731277E-02 in2, Az =  0.191608E-02 
in2 
    Ax+=  0.000000E+00 in2, Ay+=  0.000000E+00 in2, Az+=  0.103226E-02 
in2 
    Ax-=  0.872103E-02 in2, Ay-=  0.731277E-02 in2, Az-=  0.883815E-03 
in2 
  
            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   
 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 
 M        2.1803E-01  2.1453E-01  2.2982E-01  1.5251E-01  0.0000E+00  
8.0305E-01 
 V        1.1694E+02  1.1287E+02  1.2402E+02  9.3582E+01  0.0000E+00  
5.0272E+02 
 rho      3.3124E+01  3.4188E+01  3.3829E+01  7.6751E+00  2.0628E+01  
4.6302E+01 
 T        7.8483E+02  7.6292E+02  7.8131E+02  1.6056E+02  5.5683E+02  
1.1666E+03 
 p        7.2350E+06  7.2502E+06  7.2384E+06  1.8652E+05  6.7468E+06  
7.7140E+06 
 
 Subset  1 of ZONE  56                         (domain.56),  





    Ax =  0.615944E-01 in2, Ay =  0.606214E-01 in2, Az =  0.205145E-04 
in2 
    Ax+=  0.000000E+00 in2, Ay+=  0.000000E+00 in2, Az+=  0.000000E+00 
in2 
    Ax-=  0.615944E-01 in2, Ay-=  0.606214E-01 in2, Az-=  0.205145E-04 
in2 
  
            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   
 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 
 M        1.2129E-01  1.2142E-01  1.2564E-01  7.8773E-02  0.0000E+00  
5.6659E-01 
 V        5.8687E+01  5.8252E+01  6.1856E+01  4.4647E+01  0.0000E+00  
3.6721E+02 
 rho      4.1560E+01  4.2091E+01  4.1365E+01  5.6910E+00  2.2260E+01  
4.7490E+01 
 T        6.5098E+02  6.4213E+02  6.5904E+02  1.1305E+02  5.6470E+02  
1.1884E+03 
 p        7.6522E+06  7.6529E+06  7.6440E+06  9.2469E+04  7.1161E+06  
7.8049E+06 
 
 Subset  1 of ZONE  29                         (domain.29),  
 J=162: area is  1.257787E-02 in2,  8.114740E-06 m2 
  
    Ax =  0.934441E-02 in2, Ay =  0.790795E-02 in2, Az =  0.219032E-02 
in2 
    Ax+=  0.000000E+00 in2, Ay+=  0.000000E+00 in2, Az+=  0.117866E-02 
in2 
    Ax-=  0.934441E-02 in2, Ay-=  0.790795E-02 in2, Az-=  0.101166E-02 
in2 
  
            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   
 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 
 M        1.9135E-01  1.6250E-01  2.0502E-01  2.0523E-01  0.0000E+00  
6.9794E-01 
 V        1.1095E+02  9.1137E+01  1.2133E+02  1.3403E+02  0.0000E+00  
4.4260E+02 
 rho      3.5107E+01  3.7636E+01  3.4762E+01  1.0252E+01  2.0492E+01  
4.7376E+01 
 T        8.1575E+02  7.6098E+02  8.2596E+02  2.2550E+02  5.6736E+02  
1.1772E+03 
 p        7.6522E+06  7.6717E+06  7.5812E+06  2.5550E+05  6.8461E+06  
7.7550E+06 
1Subset  1 of ZONE   5                         (domain.5),  
 J=162: area is  2.631026E-02 in2,  1.697433E-05 m2 
    Ax =  0.178936E-01 in2, Ay =  0.192725E-01 in2, Az =  0.555730E-03 
in2 





    Ax-=  0.178936E-01 in2, Ay-=  0.192725E-01 in2, Az-=  0.000000E+00 
in2 
  
            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   
 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 
 M        2.7218E-01  2.6061E-01  2.3452E-01  1.9357E-01  0.0000E+00  
6.5458E-01 
 V        1.7157E+02  1.6398E+02  1.4823E+02  1.2549E+02  0.0000E+00  
4.2113E+02 
 rho      2.5644E+01  2.5869E+01  2.6600E+01  4.4435E+00  2.1161E+01  
4.2555E+01 
 T        1.0554E+03  1.0472E+03  1.0339E+03  1.4012E+02  6.3143E+02  
1.1830E+03 




 *********************************** Totals 
*********************************** 
 
 ** Total Wetted area is 1.642439E-01 in2, 1.059636E-04 m2 
 
            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   
 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 
 M        1.9535E-01  1.7414E-01  1.9320E-01  1.7429E-01  0.0000E+00  
8.5183E-01 
 V        1.1014E+02  9.5017E+01  1.0870E+02  1.1161E+02  0.0000E+00  
5.4842E+02 
 rho      3.5598E+01  3.7553E+01  3.5703E+01  8.8871E+00  2.0492E+01  
4.7759E+01 
 T        7.9280E+02  7.4802E+02  7.8848E+02  2.0451E+02  5.5683E+02  
1.2229E+03 




Refined Laminar Solution Output Data – Top 1 Location 
1PH5 Diffuser Model, Laminar Vis, ICEM MESH 
 IC M 1.35 P 1050psi T 2250K 
  
 Freestream conditions (* indicates calculated) 
  
 Mach number                   0.010 
 Angle of attack               0.000 degrees 




 Gamma                         1.260 
 Gas constant (R)            286.959 m2/s2-K         1716.000 ft2/s2-R 
 Static pressure        0.689476E+07 N/m2         1000.00     lbf/in2 
 Static temperature      555.556     K            1000.00     R 
 Static density*         43.2486     kg/m3       0.839161E-01 slug/ft3 
 Total pressure*        0.689519E+07 N/m2         1000.06     lbf/in2 
 Total temperature*      555.563     K            1000.01     R 
 Total density*          43.2507     kg/m3       0.839203E-01 slug/ft3 
 Speed of sound          448.187     m/s          1470.43     ft/s 
 Velocity                4.48187     m/s          14.7043     ft/s 
 Dynamic pressure        434.370     N/m2        0.630000E-01 lbf/in2 
 Laminar Viscosity      0.289996E-04 kg/m-s      0.605669E-06 slug/ft-s 
 Reynolds Number*       0.668403E+07 1/m         0.203729E+07 1/ft 
 Enthalpy*               772582.     m2/s2       0.831600E+07 ft2/s2 
 Stagnation Enthalpy*    772592.     m2/s2       0.831611E+07 ft2/s2 
1Subset  1 of ZONE  10                         (domain.10),  
 I=  1: area is  2.729092E-02 in2,  1.760701E-05 m2 
    Ax =  0.188875E-01 in2, Ay =  0.196632E-01 in2, Az =  0.831027E-03 
in2 
    Ax+=  0.000000E+00 in2, Ay+=  0.196632E-01 in2, Az+=  0.831027E-03 
in2 
    Ax-=  0.188875E-01 in2, Ay-=  0.000000E+00 in2, Az-=  0.000000E+00 
in2 
  
            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   
 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 
 M        4.9274E-01  4.7982E-01  4.9205E-01  3.4318E-01  0.0000E+00  
1.0795E+00 
 V        3.2186E+02  3.1294E+02  3.2573E+02  2.3386E+02  0.0000E+00  
7.2775E+02 
 rho      2.2206E+01  2.2457E+01  2.1415E+01  2.8081E+00  1.4250E+01  
2.9432E+01 
 T        1.1482E+03  1.1434E+03  1.1980E+03  1.1929E+02  9.1161E+02  
1.4119E+03 
 p        7.2811E+06  7.3330E+06  7.3204E+06  9.7668E+05  5.1987E+06  
1.0197E+07 
 
 Subset  1 of ZONE  66                         (domain.66),  
 I=  1: area is  1.162539E-02 in2,  7.500237E-06 m2 
  
    Ax =  0.869622E-02 in2, Ay =  0.730100E-02 in2, Az =  0.189900E-02 
in2 
    Ax+=  0.000000E+00 in2, Ay+=  0.730100E-02 in2, Az+=  0.875883E-03 
in2 
    Ax-=  0.869622E-02 in2, Ay-=  0.000000E+00 in2, Az-=  0.102311E-02 
in2 
  
            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     




 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 
 M        5.3411E-01  5.2018E-01  6.2136E-01  3.9102E-01  0.0000E+00  
1.2994E+00 
 V        3.4981E+02  3.4036E+02  4.1191E+02  2.6726E+02  0.0000E+00  
8.7286E+02 
 rho      2.0692E+01  2.0782E+01  2.0327E+01  1.9128E+00  1.4937E+01  
2.7431E+01 
 T        1.1393E+03  1.1355E+03  1.1763E+03  9.5103E+01  9.4843E+02  
1.4403E+03 
 p        6.7402E+06  6.7469E+06  6.8341E+06  6.2956E+05  5.7731E+06  
1.0796E+07 
 
 Subset  1 of ZONE  55                         (domain.55),  
 I=  1: area is  8.644977E-02 in2,  5.577393E-05 m2 
  
    Ax =  0.616286E-01 in2, Ay =  0.606257E-01 in2, Az =  0.205141E-04 
in2 
    Ax+=  0.000000E+00 in2, Ay+=  0.606257E-01 in2, Az+=  0.205141E-04 
in2 
    Ax-=  0.616286E-01 in2, Ay-=  0.000000E+00 in2, Az-=  0.572849E-11 
in2 
  
            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   
 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 
 M        4.4930E-01  4.3122E-01  5.3022E-01  4.1685E-01  0.0000E+00  
1.5251E+00 
 V        2.9350E+02  2.8150E+02  3.5101E+02  2.8123E+02  0.0000E+00  
1.0083E+03 
 rho      2.0790E+01  2.0936E+01  2.0386E+01  1.8863E+00  1.6099E+01  
2.4738E+01 
 T        1.1587E+03  1.1573E+03  1.1907E+03  7.7384E+01  9.8839E+02  
1.3442E+03 
 p        6.9027E+06  6.9437E+06  6.9501E+06  6.4633E+05  5.5157E+06  
8.5613E+06 
 
 Subset  1 of ZONE  28                         (domain.28),  
 I=  1: area is  1.254553E-02 in2,  8.093873E-06 m2 
  
    Ax =  0.931874E-02 in2, Ay =  0.789571E-02 in2, Az =  0.217079E-02 
in2 
    Ax+=  0.000000E+00 in2, Ay+=  0.789571E-02 in2, Az+=  0.100252E-02 
in2 
    Ax-=  0.931874E-02 in2, Ay-=  0.000000E+00 in2, Az-=  0.116827E-02 
in2 
  
            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   





 M        4.6905E-01  4.6211E-01  5.3510E-01  3.2275E-01  0.0000E+00  
1.2561E+00 
 V        3.0248E+02  2.9718E+02  3.4719E+02  2.1595E+02  0.0000E+00  
8.4369E+02 
 rho      2.1067E+01  2.1149E+01  2.0762E+01  2.1853E+00  1.6716E+01  
3.1444E+01 
 T        1.1301E+03  1.1260E+03  1.1482E+03  1.0574E+02  7.4686E+02  
1.3921E+03 
 p        6.8018E+06  6.8017E+06  6.7821E+06  3.1160E+05  5.6287E+06  
8.5062E+06 
1Subset  1 of ZONE   6                         (domain.6),  
 I=  1: area is  2.632493E-02 in2,  1.698379E-05 m2 
    Ax =  0.179279E-01 in2, Ay =  0.192617E-01 in2, Az =  0.538923E-03 
in2 
    Ax+=  0.000000E+00 in2, Ay+=  0.192617E-01 in2, Az+=  0.000000E+00 
in2 
    Ax-=  0.179279E-01 in2, Ay-=  0.000000E+00 in2, Az-=  0.538923E-03 
in2 
  
            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   
 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 
 M        4.4921E-01  4.3866E-01  4.9244E-01  3.7166E-01  0.0000E+00  
1.3142E+00 
 V        2.9656E+02  2.8949E+02  3.2756E+02  2.5172E+02  0.0000E+00  
8.2782E+02 
 rho      2.3535E+01  2.3680E+01  2.3027E+01  2.1803E+00  1.6683E+01  
2.8108E+01 
 T        1.1736E+03  1.1714E+03  1.2082E+03  1.0361E+02  9.5843E+02  
1.4126E+03 




 *********************************** Totals 
*********************************** 
 
 ** Total Wetted area is 1.642365E-01 in2, 1.059588E-04 m2 
 
            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   
 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 
 M        4.6402E-01  4.4926E-01  5.3956E-01  3.8525E-01  0.0000E+00  
1.5251E+00 
 V        3.0338E+02  2.9349E+02  3.5617E+02  2.6059E+02  0.0000E+00  
1.0083E+03 
 rho      2.1479E+01  2.1684E+01  2.0852E+01  2.2606E+00  1.4250E+01  
3.1444E+01 









Refined Laminar Solution Output Data – Top 2 Location 
1PH5 Diffuser Model, Laminar Vis, ICEM MESH 
 IC M 1.35 P 1050psi T 2250K 
  
 Freestream conditions (* indicates calculated) 
  
 Mach number                   0.010 
 Angle of attack               0.000 degrees 
 Yaw angle                     0.000 degrees 
 Gamma                         1.260 
 Gas constant (R)            286.959 m2/s2-K         1716.000 ft2/s2-R 
 Static pressure        0.689476E+07 N/m2         1000.00     lbf/in2 
 Static temperature      555.556     K            1000.00     R 
 Static density*         43.2486     kg/m3       0.839161E-01 slug/ft3 
 Total pressure*        0.689519E+07 N/m2         1000.06     lbf/in2 
 Total temperature*      555.563     K            1000.01     R 
 Total density*          43.2507     kg/m3       0.839203E-01 slug/ft3 
 Speed of sound          448.187     m/s          1470.43     ft/s 
 Velocity                4.48187     m/s          14.7043     ft/s 
 Dynamic pressure        434.370     N/m2        0.630000E-01 lbf/in2 
 Laminar Viscosity      0.289996E-04 kg/m-s      0.605669E-06 slug/ft-s 
 Reynolds Number*       0.668403E+07 1/m         0.203729E+07 1/ft 
 Enthalpy*               772582.     m2/s2       0.831600E+07 ft2/s2 
 Stagnation Enthalpy*    772592.     m2/s2       0.831611E+07 ft2/s2 
1Subset  1 of ZONE  10                         (domain.10),  
 I=140: area is  2.773002E-02 in2,  1.789030E-05 m2 
    Ax =  0.201680E-01 in2, Ay =  0.190267E-01 in2, Az =  0.304629E-03 
in2 
    Ax+=  0.201680E-01 in2, Ay+=  0.190267E-01 in2, Az+=  0.000000E+00 
in2 
    Ax-=  0.000000E+00 in2, Ay-=  0.000000E+00 in2, Az-=  0.304629E-03 
in2 
  
            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   
 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 
 M        4.8432E-01  4.7788E-01  5.0354E-01  3.4936E-01  0.0000E+00  
1.2012E+00 
 V        3.1903E+02  3.1454E+02  3.3591E+02  2.4009E+02  0.0000E+00  
8.2184E+02 
 rho      2.3615E+01  2.3720E+01  2.3041E+01  2.1382E+00  1.8406E+01  
2.7736E+01 





 p        7.9677E+06  7.9939E+06  8.0126E+06  8.2980E+05  6.8123E+06  
1.0975E+07 
 
 Subset  1 of ZONE  66                         (domain.66),  
 I=140: area is  1.078989E-02 in2,  6.961203E-06 m2 
  
    Ax =  0.815218E-02 in2, Ay =  0.680450E-02 in2, Az =  0.143633E-02 
in2 
    Ax+=  0.815218E-02 in2, Ay+=  0.680450E-02 in2, Az+=  0.774688E-03 
in2 
    Ax-=  0.000000E+00 in2, Ay-=  0.000000E+00 in2, Az-=  0.661643E-03 
in2 
  
            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   
 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 
 M        5.0950E-01  5.0153E-01  5.3716E-01  2.6597E-01  0.0000E+00  
1.2349E+00 
 V        3.2724E+02  3.2109E+02  3.4358E+02  1.8089E+02  0.0000E+00  
8.3987E+02 
 rho      2.3750E+01  2.3907E+01  2.4312E+01  3.9997E+00  1.9226E+01  
4.1821E+01 
 T        1.1194E+03  1.1134E+03  1.1137E+03  1.3879E+02  6.4621E+02  
1.2963E+03 
 p        7.5811E+06  7.5839E+06  7.6192E+06  2.6654E+05  7.0281E+06  
9.1549E+06 
 
 Subset  1 of ZONE  60                         (domain.60),  
 I= 50: area is  8.740784E-02 in2,  5.639204E-05 m2 
  
    Ax =  0.638788E-01 in2, Ay =  0.596626E-01 in2, Az =  0.187504E-04 
in2 
    Ax+=  0.638788E-01 in2, Ay+=  0.596626E-01 in2, Az+=  0.000000E+00 
in2 
    Ax-=  0.000000E+00 in2, Ay-=  0.000000E+00 in2, Az-=  0.187504E-04 
in2 
  
            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   
 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 
 M        5.3341E-01  5.2660E-01  6.0770E-01  3.6600E-01  0.0000E+00  
1.3142E+00 
 V        3.4374E+02  3.3903E+02  3.9796E+02  2.4927E+02  0.0000E+00  
8.8487E+02 
 rho      2.1350E+01  2.1450E+01  2.0877E+01  1.9242E+00  1.6210E+01  
3.2610E+01 
 T        1.1280E+03  1.1262E+03  1.1658E+03  9.3741E+01  7.8669E+02  
1.4072E+03 






 Subset  1 of ZONE  28                         (domain.28),  
 I=140: area is  1.166608E-02 in2,  7.526488E-06 m2 
  
    Ax =  0.876421E-02 in2, Ay =  0.737485E-02 in2, Az =  0.165209E-02 
in2 
    Ax+=  0.876421E-02 in2, Ay+=  0.737485E-02 in2, Az+=  0.896146E-03 
in2 
    Ax-=  0.000000E+00 in2, Ay-=  0.000000E+00 in2, Az-=  0.755945E-03 
in2 
  
            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   
 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 
 M        5.3724E-01  5.3245E-01  6.1012E-01  3.1802E-01  0.0000E+00  
1.1765E+00 
 V        3.4708E+02  3.4374E+02  3.9938E+02  2.1522E+02  0.0000E+00  
7.8801E+02 
 rho      2.1068E+01  2.1114E+01  2.0740E+01  1.6113E+00  1.6665E+01  
2.6155E+01 
 T        1.1410E+03  1.1396E+03  1.1722E+03  7.0020E+01  1.0407E+03  
1.3864E+03 
 p        6.8884E+06  6.8959E+06  6.9614E+06  5.3209E+05  6.0851E+06  
9.6619E+06 
1Subset  1 of ZONE   6                         (domain.6),  
 I=140: area is  2.678402E-02 in2,  1.727998E-05 m2 
    Ax =  0.192547E-01 in2, Ay =  0.186180E-01 in2, Az =  0.706177E-04 
in2 
    Ax+=  0.192547E-01 in2, Ay+=  0.186180E-01 in2, Az+=  0.706177E-04 
in2 
    Ax-=  0.000000E+00 in2, Ay-=  0.000000E+00 in2, Az-=  0.000000E+00 
in2 
  
            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   
 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 
 M        4.1491E-01  3.9740E-01  4.5177E-01  3.3381E-01  0.0000E+00  
1.1128E+00 
 V        2.6251E+02  2.4924E+02  2.9337E+02  2.2816E+02  0.0000E+00  
7.6738E+02 
 rho      2.7421E+01  2.7993E+01  2.5659E+01  4.4723E+00  1.6884E+01  
3.8861E+01 
 T        1.0661E+03  1.0486E+03  1.1355E+03  1.5683E+02  7.5873E+02  
1.4090E+03 










 ** Total Wetted area is 1.643779E-01 in2, 1.060500E-04 m2 
 
            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   
 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 
 M        5.0452E-01  4.9153E-01  5.6618E-01  3.3956E-01  0.0000E+00  
1.3142E+00 
 V        3.2549E+02  3.1630E+02  3.6964E+02  2.3121E+02  0.0000E+00  
8.8487E+02 
 rho      2.2859E+01  2.3270E+01  2.2260E+01  3.3177E+00  1.6210E+01  
4.1821E+01 
 T        1.1266E+03  1.1197E+03  1.1594E+03  1.1224E+02  6.4621E+02  
1.4353E+03 




Refined Laminar Solution Output Data – Bottom Holes Average 
1PH5 Diffuser Model, Laminar Vis, ICEM MESH 
 IC M 1.35 P 1050psi T 2250K 
  
 Freestream conditions (* indicates calculated) 
  
 Mach number                   0.010 
 Angle of attack               0.000 degrees 
 Yaw angle                     0.000 degrees 
 Gamma                         1.260 
 Gas constant (R)            286.959 m2/s2-K         1716.000 ft2/s2-R 
 Static pressure        0.689476E+07 N/m2         1000.00     lbf/in2 
 Static temperature      555.556     K            1000.00     R 
 Static density*         43.2486     kg/m3       0.839161E-01 slug/ft3 
 Total pressure*        0.689519E+07 N/m2         1000.06     lbf/in2 
 Total temperature*      555.563     K            1000.01     R 
 Total density*          43.2507     kg/m3       0.839203E-01 slug/ft3 
 Speed of sound          448.187     m/s          1470.43     ft/s 
 Velocity                4.48187     m/s          14.7043     ft/s 
 Dynamic pressure        434.370     N/m2        0.630000E-01 lbf/in2 
 Laminar Viscosity      0.289996E-04 kg/m-s      0.605669E-06 slug/ft-s 
 Reynolds Number*       0.668403E+07 1/m         0.203729E+07 1/ft 
 Enthalpy*               772582.     m2/s2       0.831600E+07 ft2/s2 
 Stagnation Enthalpy*    772592.     m2/s2       0.831611E+07 ft2/s2 
1Subset  1 of ZONE  65                         (domain.65),  
 K=  1: area is  1.944963E-02 in2,  1.254813E-05 m2 
    Ax =  0.157278E-01 in2, Ay =  0.114256E-01 in2, Az =  0.209850E-03 
in2 





    Ax-=  0.000000E+00 in2, Ay-=  0.000000E+00 in2, Az-=  0.104885E-03 
in2 
  
            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   
 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 
 M        2.6438E-01  2.4039E-01  2.4515E-01  2.3516E-01  0.0000E+00  
9.4371E-01 
 V        1.3985E+02  1.2285E+02  1.3331E+02  1.4921E+02  0.0000E+00  
6.3060E+02 
 rho      3.3458E+01  3.5126E+01  3.2929E+01  8.1180E+00  1.8762E+01  
4.1001E+01 
 T        7.0606E+02  6.6425E+02  7.3090E+02  2.2651E+02  5.4443E+02  
1.2390E+03 
 p        6.3529E+06  6.3469E+06  6.3954E+06  2.3935E+05  6.0129E+06  
7.3981E+06 
 
 Subset  1 of ZONE  27                         (domain.27),  
 K=  1: area is  1.945003E-02 in2,  1.254838E-05 m2 
  
    Ax =  0.157285E-01 in2, Ay =  0.114261E-01 in2, Az =  0.236573E-03 
in2 
    Ax+=  0.157285E-01 in2, Ay+=  0.114261E-01 in2, Az+=  0.118288E-03 
in2 
    Ax-=  0.000000E+00 in2, Ay-=  0.000000E+00 in2, Az-=  0.118285E-03 
in2 
  
            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   
 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 
 M        2.2636E-01  1.9746E-01  2.1551E-01  2.5353E-01  0.0000E+00  
1.2361E+00 
 V        1.1946E+02  1.0039E+02  1.1747E+02  1.6268E+02  0.0000E+00  
8.2826E+02 
 rho      3.5778E+01  3.7214E+01  3.4968E+01  7.6932E+00  1.9333E+01  
4.1872E+01 
 T        6.6818E+02  6.3528E+02  6.9574E+02  2.0444E+02  5.4725E+02  
1.3126E+03 




 *********************************** Totals 
*********************************** 
 
 ** Total Wetted area is 3.889966E-02 in2, 2.509651E-05 m2 
 
            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     




 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 
 M        2.4537E-01  2.1820E-01  2.3033E-01  2.4482E-01  0.0000E+00  
1.2361E+00 
 V        1.2966E+02  1.1124E+02  1.2539E+02  1.5620E+02  0.0000E+00  
8.2826E+02 
 rho      3.4618E+01  3.6205E+01  3.3949E+01  7.9691E+00  1.8762E+01  
4.1872E+01 
 T        6.8712E+02  6.4928E+02  7.1332E+02  2.1634E+02  5.4443E+02  
1.3126E+03 




Refined Laminar Solution Output Data – Center Holes Average 
1PH5 Diffuser Model, Laminar Vis, ICEM MESH 
 IC M 1.35 P 1050psi T 2250K 
  
 Freestream conditions (* indicates calculated) 
  
 Mach number                   0.010 
 Angle of attack               0.000 degrees 
 Yaw angle                     0.000 degrees 
 Gamma                         1.260 
 Gas constant (R)            286.959 m2/s2-K         1716.000 ft2/s2-R 
 Static pressure        0.689476E+07 N/m2         1000.00     lbf/in2 
 Static temperature      555.556     K            1000.00     R 
 Static density*         43.2486     kg/m3       0.839161E-01 slug/ft3 
 Total pressure*        0.689519E+07 N/m2         1000.06     lbf/in2 
 Total temperature*      555.563     K            1000.01     R 
 Total density*          43.2507     kg/m3       0.839203E-01 slug/ft3 
 Speed of sound          448.187     m/s          1470.43     ft/s 
 Velocity                4.48187     m/s          14.7043     ft/s 
 Dynamic pressure        434.370     N/m2        0.630000E-01 lbf/in2 
 Laminar Viscosity      0.289996E-04 kg/m-s      0.605669E-06 slug/ft-s 
 Reynolds Number*       0.668403E+07 1/m         0.203729E+07 1/ft 
 Enthalpy*               772582.     m2/s2       0.831600E+07 ft2/s2 
 Stagnation Enthalpy*    772592.     m2/s2       0.831611E+07 ft2/s2 
1Subset  1 of ZONE  78                         (domain.78),  
 K=  1: area is  1.945138E-02 in2,  1.254925E-05 m2 
    Ax =  0.194423E-01 in2, Ay =  0.438190E-03 in2, Az =  0.258368E-03 
in2 
    Ax+=  0.194423E-01 in2, Ay+=  0.218560E-03 in2, Az+=  0.129197E-03 
in2 
    Ax-=  0.000000E+00 in2, Ay-=  0.219629E-03 in2, Az-=  0.129171E-03 
in2 
  
            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     




 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 
 M        2.0676E-01  1.7569E-01  1.7195E-01  1.9550E-01  0.0000E+00  
1.0472E+00 
 V        1.0931E+02  8.9154E+01  9.0163E+01  1.2176E+02  0.0000E+00  
6.7798E+02 
 rho      3.5093E+01  3.6798E+01  3.5821E+01  7.6219E+00  1.7501E+01  
4.3878E+01 
 T        6.7045E+02  6.3579E+02  6.6043E+02  1.7191E+02  5.4253E+02  
1.2583E+03 
 p        6.3782E+06  6.4467E+06  6.4459E+06  4.6830E+05  5.0948E+06  
7.5440E+06 
 
 Subset  1 of ZONE  48                         (domain.48),  
 K=  1: area is  1.945058E-02 in2,  1.254874E-05 m2 
  
    Ax =  0.114260E-01 in2, Ay =  0.157282E-01 in2, Az =  0.284244E-03 
in2 
    Ax+=  0.000000E+00 in2, Ay+=  0.157282E-01 in2, Az+=  0.142060E-03 
in2 
    Ax-=  0.114260E-01 in2, Ay-=  0.000000E+00 in2, Az-=  0.142184E-03 
in2 
  
            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   
 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 
 M        6.6087E-01  6.3026E-01  5.8521E-01  3.9320E-01  0.0000E+00  
1.2539E+00 
 V        4.2559E+02  4.0272E+02  3.7655E+02  2.6255E+02  0.0000E+00  
8.2625E+02 
 rho      2.2756E+01  2.3511E+01  2.2675E+01  4.2380E+00  1.8799E+01  
4.2887E+01 
 T        1.1163E+03  1.0944E+03  1.1186E+03  1.3369E+02  5.9247E+02  
1.3305E+03 




 *********************************** Totals 
*********************************** 
 
 ** Total Wetted area is 3.890195E-02 in2, 2.509799E-05 m2 
 
            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   
 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 
 M        4.3381E-01  3.5450E-01  3.7858E-01  3.7288E-01  0.0000E+00  
1.2539E+00 





 rho      2.8925E+01  3.1571E+01  2.9248E+01  9.0135E+00  1.7501E+01  
4.3878E+01 
 T        8.9338E+02  8.1619E+02  8.8953E+02  2.7611E+02  5.4253E+02  
1.3305E+03 




Refined Laminar Solution Output Data – Top Holes Average 
1PH5 Diffuser Model, Laminar Vis, ICEM MESH 
 IC M 1.35 P 1050psi T 2250K 
  
 Freestream conditions (* indicates calculated) 
  
 Mach number                   0.010 
 Angle of attack               0.000 degrees 
 Yaw angle                     0.000 degrees 
 Gamma                         1.260 
 Gas constant (R)            286.959 m2/s2-K         1716.000 ft2/s2-R 
 Static pressure        0.689476E+07 N/m2         1000.00     lbf/in2 
 Static temperature      555.556     K            1000.00     R 
 Static density*         43.2486     kg/m3       0.839161E-01 slug/ft3 
 Total pressure*        0.689519E+07 N/m2         1000.06     lbf/in2 
 Total temperature*      555.563     K            1000.01     R 
 Total density*          43.2507     kg/m3       0.839203E-01 slug/ft3 
 Speed of sound          448.187     m/s          1470.43     ft/s 
 Velocity                4.48187     m/s          14.7043     ft/s 
 Dynamic pressure        434.370     N/m2        0.630000E-01 lbf/in2 
 Laminar Viscosity      0.289996E-04 kg/m-s      0.605669E-06 slug/ft-s 
 Reynolds Number*       0.668403E+07 1/m         0.203729E+07 1/ft 
 Enthalpy*               772582.     m2/s2       0.831600E+07 ft2/s2 
 Stagnation Enthalpy*    772592.     m2/s2       0.831611E+07 ft2/s2 
1Subset  1 of ZONE  82                         (domain.82),  
 K=  1: area is  1.944575E-02 in2,  1.254562E-05 m2 
    Ax =  0.157225E-01 in2, Ay =  0.114243E-01 in2, Az =  0.160555E-03 
in2 
    Ax+=  0.157225E-01 in2, Ay+=  0.000000E+00 in2, Az+=  0.803088E-04 
in2 
    Ax-=  0.000000E+00 in2, Ay-=  0.114243E-01 in2, Az-=  0.802465E-04 
in2 
  
            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   
 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 
 M        1.7983E-01  1.4869E-01  1.7818E-01  2.4674E-01  0.0000E+00  
1.0593E+00 





 rho      3.6325E+01  3.7919E+01  3.5148E+01  8.3927E+00  2.0563E+01  
4.3571E+01 
 T        6.7465E+02  6.3985E+02  7.1085E+02  2.0015E+02  5.5115E+02  
1.1878E+03 
 p        6.6553E+06  6.6770E+06  6.7036E+06  2.5860E+05  5.7683E+06  
7.4663E+06 
 
 Subset  1 of ZONE  44                         (domain.44),  
 K=  1: area is  1.944781E-02 in2,  1.254695E-05 m2 
  
    Ax =  0.157246E-01 in2, Ay =  0.114259E-01 in2, Az =  0.182632E-03 
in2 
    Ax+=  0.157246E-01 in2, Ay+=  0.000000E+00 in2, Az+=  0.913445E-04 
in2 
    Ax-=  0.000000E+00 in2, Ay-=  0.114259E-01 in2, Az-=  0.912873E-04 
in2 
  
            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   
 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 
 M        2.6443E-01  2.1480E-01  2.5030E-01  3.0589E-01  0.0000E+00  
1.2120E+00 
 V        1.4452E+02  1.1197E+02  1.4121E+02  1.9688E+02  0.0000E+00  
8.0554E+02 
 rho      3.3395E+01  3.5673E+01  3.2346E+01  9.4932E+00  1.7084E+01  
4.3249E+01 
 T        6.9215E+02  6.4342E+02  7.3382E+02  2.3321E+02  5.3759E+02  
1.2557E+03 




 *********************************** Totals 
*********************************** 
 
 ** Total Wetted area is 3.889356E-02 in2, 2.509257E-05 m2 
 
            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   
 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 
 M        2.2214E-01  1.8036E-01  2.1424E-01  2.8006E-01  0.0000E+00  
1.2120E+00 
 V        1.2105E+02  9.4176E+01  1.2048E+02  1.7740E+02  0.0000E+00  
8.0554E+02 
 rho      3.4860E+01  3.6843E+01  3.3747E+01  9.0633E+00  1.7084E+01  
4.3571E+01 
 T        6.8340E+02  6.4156E+02  7.2234E+02  2.1748E+02  5.3759E+02  
1.2557E+03 






Refined Laminar Solution Output Data – Bottom Holes Average 
1PH5 Diffuser Model, Laminar Vis, ICEM MESH 
 IC M 1.35 P 1050psi T 2250K 
  
 Freestream conditions (* indicates calculated) 
  
 Mach number                   0.010 
 Angle of attack               0.000 degrees 
 Yaw angle                     0.000 degrees 
 Gamma                         1.260 
 Gas constant (R)            286.959 m2/s2-K         1716.000 ft2/s2-R 
 Static pressure        0.689476E+07 N/m2         1000.00     lbf/in2 
 Static temperature      555.556     K            1000.00     R 
 Static density*         43.2486     kg/m3       0.839161E-01 slug/ft3 
 Total pressure*        0.689519E+07 N/m2         1000.06     lbf/in2 
 Total temperature*      555.563     K            1000.01     R 
 Total density*          43.2507     kg/m3       0.839203E-01 slug/ft3 
 Speed of sound          448.187     m/s          1470.43     ft/s 
 Velocity                4.48187     m/s          14.7043     ft/s 
 Dynamic pressure        434.370     N/m2        0.630000E-01 lbf/in2 
 Laminar Viscosity      0.289996E-04 kg/m-s      0.605669E-06 slug/ft-s 
 Reynolds Number*       0.668403E+07 1/m         0.203729E+07 1/ft 
 Enthalpy*               772582.     m2/s2       0.831600E+07 ft2/s2 
 Stagnation Enthalpy*    772592.     m2/s2       0.831611E+07 ft2/s2 
1Subset  1 of ZONE  65                         (domain.65),  
 K=  1: area is  1.939493E-02 in2,  1.251283E-05 m2 
    Ax =  0.156836E-01 in2, Ay =  0.113935E-01 in2, Az =  0.208873E-03 
in2 
    Ax+=  0.156836E-01 in2, Ay+=  0.113935E-01 in2, Az+=  0.104535E-03 
in2 
    Ax-=  0.000000E+00 in2, Ay-=  0.000000E+00 in2, Az-=  0.104338E-03 
in2 
  
            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   
 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 
 M        1.5987E-01  1.4372E-01  1.3537E-01  1.6705E-01  0.0000E+00  
6.3245E-01 
 V        8.8757E+01  7.8321E+01  7.5712E+01  1.0117E+02  0.0000E+00  
3.8348E+02 
 rho      3.2289E+01  3.3335E+01  3.2380E+01  6.2652E+00  2.4152E+01  
4.1814E+01 
 T        7.5871E+02  7.3197E+02  7.6390E+02  1.6674E+02  5.5425E+02  
1.0333E+03 
 p        6.7734E+06  6.7536E+06  6.8067E+06  1.9981E+05  6.6504E+06  
7.2992E+06 
 
 Subset  1 of ZONE  27                         (domain.27),  





    Ax =  0.156884E-01 in2, Ay =  0.113970E-01 in2, Az =  0.235448E-03 
in2 
    Ax+=  0.156884E-01 in2, Ay+=  0.113970E-01 in2, Az+=  0.117816E-03 
in2 
    Ax-=  0.000000E+00 in2, Ay-=  0.000000E+00 in2, Az-=  0.117631E-03 
in2 
  
            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   
 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 
 M        1.1959E-01  1.1036E-01  1.0106E-01  1.1784E-01  0.0000E+00  
4.5965E-01 
 V        6.4262E+01  5.8264E+01  5.4779E+01  6.9222E+01  0.0000E+00  
2.6833E+02 
 rho      3.3196E+01  3.4141E+01  3.3146E+01  5.9488E+00  2.5163E+01  
4.1971E+01 
 T        7.3212E+02  7.0983E+02  7.3778E+02  1.4496E+02  5.5329E+02  
9.7725E+02 




 *********************************** Totals 
*********************************** 
 
 ** Total Wetted area is 3.879542E-02 in2, 2.502925E-05 m2 
 
            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   
 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 
 M        1.3973E-01  1.2680E-01  1.1821E-01  1.4532E-01  0.0000E+00  
6.3245E-01 
 V        7.6508E+01  6.8152E+01  6.5246E+01  8.7161E+01  0.0000E+00  
3.8348E+02 
 rho      3.2743E+01  3.3744E+01  3.2763E+01  6.1105E+00  2.4152E+01  
4.1971E+01 
 T        7.4541E+02  7.2075E+02  7.5084E+02  1.5650E+02  5.5329E+02  
1.0333E+03 




Refined Laminar Solution Output Data – Center Holes Average 
1PH5 Diffuser Model, Laminar Vis, ICEM MESH 
 IC M 1.35 P 1050psi T 2250K 
  





 Mach number                   0.010 
 Angle of attack               0.000 degrees 
 Yaw angle                     0.000 degrees 
 Gamma                         1.260 
 Gas constant (R)            286.959 m2/s2-K         1716.000 ft2/s2-R 
 Static pressure        0.689476E+07 N/m2         1000.00     lbf/in2 
 Static temperature      555.556     K            1000.00     R 
 Static density*         43.2486     kg/m3       0.839161E-01 slug/ft3 
 Total pressure*        0.689519E+07 N/m2         1000.06     lbf/in2 
 Total temperature*      555.563     K            1000.01     R 
 Total density*          43.2507     kg/m3       0.839203E-01 slug/ft3 
 Speed of sound          448.187     m/s          1470.43     ft/s 
 Velocity                4.48187     m/s          14.7043     ft/s 
 Dynamic pressure        434.370     N/m2        0.630000E-01 lbf/in2 
 Laminar Viscosity      0.289996E-04 kg/m-s      0.605669E-06 slug/ft-s 
 Reynolds Number*       0.668403E+07 1/m         0.203729E+07 1/ft 
 Enthalpy*               772582.     m2/s2       0.831600E+07 ft2/s2 
 Stagnation Enthalpy*    772592.     m2/s2       0.831611E+07 ft2/s2 
1Subset  1 of ZONE  78                         (domain.78),  
 K=  1: area is  1.943415E-02 in2,  1.253813E-05 m2 
    Ax =  0.194251E-01 in2, Ay =  0.438137E-03 in2, Az =  0.256788E-03 
in2 
    Ax+=  0.194251E-01 in2, Ay+=  0.218521E-03 in2, Az+=  0.128419E-03 
in2 
    Ax-=  0.000000E+00 in2, Ay-=  0.219616E-03 in2, Az-=  0.128369E-03 
in2 
  
            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   
 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 
 M        1.2690E-01  1.1565E-01  1.0576E-01  1.1247E-01  0.0000E+00  
4.4071E-01 
 V        6.7823E+01  6.0742E+01  5.6759E+01  6.6854E+01  0.0000E+00  
2.6517E+02 
 rho      3.3930E+01  3.4888E+01  3.4238E+01  6.4072E+00  2.4147E+01  
4.2237E+01 
 T        7.1597E+02  6.9325E+02  7.1537E+02  1.5441E+02  5.5248E+02  
1.0013E+03 
 p        6.7407E+06  6.7294E+06  6.7499E+06  1.0640E+05  6.6521E+06  
7.0744E+06 
 
 Subset  1 of ZONE  48                         (domain.48),  
 K=  1: area is  1.940338E-02 in2,  1.251828E-05 m2 
  
    Ax =  0.113984E-01 in2, Ay =  0.156899E-01 in2, Az =  0.282787E-03 
in2 
    Ax+=  0.000000E+00 in2, Ay+=  0.156899E-01 in2, Az+=  0.141295E-03 
in2 






            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   
 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 
 M        4.7912E-01  4.7236E-01  3.7875E-01  2.7739E-01  0.0000E+00  
7.7812E-01 
 V        3.0456E+02  3.0029E+02  2.4067E+02  1.7611E+02  0.0000E+00  
5.0061E+02 
 rho      2.2588E+01  2.2671E+01  2.2615E+01  1.6542E+00  1.8224E+01  
2.5651E+01 
 T        1.1201E+03  1.1205E+03  1.1188E+03  3.5347E+01  1.0363E+03  
1.2756E+03 




 *********************************** Totals 
*********************************** 
 
 ** Total Wetted area is 3.883752E-02 in2, 2.505642E-05 m2 
 
            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   
 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 
 M        3.0287E-01  2.5808E-01  2.1496E-01  2.3698E-01  0.0000E+00  
7.7812E-01 
 V        1.8610E+02  1.5639E+02  1.3032E+02  1.5222E+02  0.0000E+00  
5.0061E+02 
 rho      2.8264E+01  3.0010E+01  2.9589E+01  7.6278E+00  1.8224E+01  
4.2237E+01 
 T        9.1789E+02  8.6383E+02  8.7673E+02  2.3225E+02  5.5248E+02  
1.2756E+03 




Refined Laminar Solution Output Data – Top Holes Average 
1PH5 Diffuser Model, Laminar Vis, ICEM MESH 
 IC M 1.35 P 1050psi T 2250K 
  
 Freestream conditions (* indicates calculated) 
  
 Mach number                   0.010 
 Angle of attack               0.000 degrees 
 Yaw angle                     0.000 degrees 
 Gamma                         1.260 
 Gas constant (R)            286.959 m2/s2-K         1716.000 ft2/s2-R 




 Static temperature      555.556     K            1000.00     R 
 Static density*         43.2486     kg/m3       0.839161E-01 slug/ft3 
 Total pressure*        0.689519E+07 N/m2         1000.06     lbf/in2 
 Total temperature*      555.563     K            1000.01     R 
 Total density*          43.2507     kg/m3       0.839203E-01 slug/ft3 
 Speed of sound          448.187     m/s          1470.43     ft/s 
 Velocity                4.48187     m/s          14.7043     ft/s 
 Dynamic pressure        434.370     N/m2        0.630000E-01 lbf/in2 
 Laminar Viscosity      0.289996E-04 kg/m-s      0.605669E-06 slug/ft-s 
 Reynolds Number*       0.668403E+07 1/m         0.203729E+07 1/ft 
 Enthalpy*               772582.     m2/s2       0.831600E+07 ft2/s2 
 Stagnation Enthalpy*    772592.     m2/s2       0.831611E+07 ft2/s2 
1Subset  1 of ZONE  82                         (domain.82),  
 K=  1: area is  1.938214E-02 in2,  1.250458E-05 m2 
    Ax =  0.156711E-01 in2, Ay =  0.113870E-01 in2, Az =  0.159829E-03 
in2 
    Ax+=  0.156711E-01 in2, Ay+=  0.000000E+00 in2, Az+=  0.800132E-04 
in2 
    Ax-=  0.000000E+00 in2, Ay-=  0.113870E-01 in2, Az-=  0.798157E-04 
in2 
  
            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   
 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 
 M        1.5518E-01  1.3847E-01  1.3564E-01  1.7047E-01  0.0000E+00  
6.2854E-01 
 V        8.6184E+01  7.5499E+01  7.5957E+01  1.0302E+02  0.0000E+00  
3.8514E+02 
 rho      3.2759E+01  3.3777E+01  3.2856E+01  6.3783E+00  2.4204E+01  
4.1888E+01 
 T        7.5212E+02  7.2604E+02  7.5824E+02  1.6777E+02  5.5681E+02  
1.0385E+03 
 p        6.8152E+06  6.7951E+06  6.8493E+06  1.9753E+05  6.6930E+06  
7.3461E+06 
 
 Subset  1 of ZONE  44                         (domain.44),  
 K=  1: area is  1.938987E-02 in2,  1.250957E-05 m2 
  
    Ax =  0.156778E-01 in2, Ay =  0.113919E-01 in2, Az =  0.181806E-03 
in2 
    Ax+=  0.156778E-01 in2, Ay+=  0.000000E+00 in2, Az+=  0.909887E-04 
in2 
    Ax-=  0.000000E+00 in2, Ay-=  0.113919E-01 in2, Az-=  0.908171E-04 
in2 
  
            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   
 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 





 V        8.2693E+01  7.3651E+01  7.2821E+01  9.5147E+01  0.0000E+00  
3.6428E+02 
 rho      3.2475E+01  3.3437E+01  3.2502E+01  6.0549E+00  2.4325E+01  
4.1621E+01 
 T        7.5139E+02  7.2696E+02  7.5831E+02  1.5925E+02  5.5706E+02  
1.0266E+03 




 *********************************** Totals 
*********************************** 
 
 ** Total Wetted area is 3.877201E-02 in2, 2.501415E-05 m2 
 
            Area        Mass                  Standard   
    Var    Average     Average       Mean     Deviation    Minimum     
Maximum   
 ------- ----------- ----------- ----------- ----------- ----------- --
--------- 
 M        1.5272E-01  1.3736E-01  1.3338E-01  1.6437E-01  0.0000E+00  
6.2854E-01 
 V        8.4438E+01  7.4579E+01  7.4389E+01  9.9002E+01  0.0000E+00  
3.8514E+02 
 rho      3.2617E+01  3.3608E+01  3.2679E+01  6.2104E+00  2.4204E+01  
4.1888E+01 
 T        7.5175E+02  7.2650E+02  7.5828E+02  1.6328E+02  5.5681E+02  
1.0385E+03 
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